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Abstract

Background: New research fieldsto design social robotsfor older people are emerging. By providing support with communication
and socid interaction, these robots aim to increase quality of life. Because of the decline in functioning due to cognitive impairment
in older people, socia robots are regarded as promising, especially for people with dementia. Although study outcomes are
hopeful, the quality of studies on the effectiveness of social robots for the elderly is still low due to many methodological
limitations.

Objective: We aimed to review the methodologies used thus far in studies evaluating the feasibility, usability, efficacy, and
effectiveness of social robotsin clinical and socia settings for elderly people, including persons with dementia.

Methods: Dedicated search strings were developed. Searchesin MEDLINE (PubMed), Web of Science, Psycinfo, and CINAHL
were performed on August 13, 2020.

Results: In the 33 included papers, 23 different social robots were investigated for their feasibility, usability, efficacy, and
effectiveness. A total of 8 (24.2%) studiesincluded elderly personsin the community, 9 (27.3%) included long-term care facility
residents, and 16 (48.5%) included people with dementia. Most of the studies had a single aim, of which 7 (21.2%) focused on
efficacy and 7 (21.2%) focused on effectiveness. Moreover, forms of randomized controlled trials were the most applied designs.
Feasibility and usability were often studied together in mixed methods or experimental designs and were most often studied in
individual interventions. Feasibility was often assessed with the Unified Theory of the Acceptance and Use of Technology model.
Efficacy and effectiveness studies used a range of psychosocia and cognitive outcome measures. However, the included studies
failed to find significant improvements in quality of life, depression, and cognition.

Conclusions: Thisstudy identified several shortcomingsin methodol ogies used to evaluate social robots, resulting in ambival ent
study findings. To improve the quality of these types of studies, efficacy/effectiveness studies will benefit from appropriate
randomized controlled trial designs with large sample sizes and individual intervention sessions. Experimental designs might
work best for feasibility and usability studies. For each of the 3 goals (efficacy/effectiveness, feasibility, and usability) we also
recommend a mixed method of data collection. Multiple interaction sessions running for at least 1 month might aid researchers
in drawing significant results and prove the real long-term impact of social robots.

(J Med Internet Res 2022;24(8):€37434) doi:10.2196/37434
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Introduction

In the next few decades, we expect the global population to age
due to a combination of high life expectancy, low birth rates,
and the baby boomer generation entering their senior years. By
2030, 33% of the population in Western Europe will be over
60 years of age [1]. Dementia is one of the most common
neurodegenerative diseases that affects 50 million older people
around the world, and it is projected to reach 155 million in
2050 [2].

Dementiais characterized by deterioration in memory, cognition,
behavior, and ability to perform everyday activities [3]. It is
estimated that approximately one-third of people with dementia
live alone [4]. They experience unmet needs because of living
aloneand are at ahigher risk of faster deterioration. In addition,
people with dementiawho live alone are considered at a higher
risk of medication use problems, falls and injuries, inadequate
self-care, trouble with activities of daily living, and reduced
socia networks [5-8].

In the past decades, technological advances coincided with the
great health challenge of aging societies[9]. New research fields
in assistive technology are dedicated to designing social robots
for older adultswith or without cognitive impairment to promote
their quality of life (QoL) through communication and social
interactions [10]. Socia robots are intended to provide and
facilitate social contact, psychosocia and cognitive stimulation,
and have the potential to support elderly people to maintain
their autonomy and independence and enhancetheir well-being
[11].

Socially assistive robots (SARs) can be grouped into 2 main
categories based on their feature and function: (1) servicerobots,
and (2) companion robots [12]. The main task of these robots
isto establish any form of interaction and communication. This
function can be performed by SARsin multiple manners, such
as through touch sensors, cameras, (robotic) body movements,
tablet interfaces, and sound and speech systems. Within the
subgroup of the companion robots, humanoid robotslike Pepper
and Nao provide users with advanced applicationsthat provide
leisure activities (music, photos, and games), cognitive and
physical stimulation activities, and assistance with mental or
physical tasks. Pet robots, such as PARO, AIBO, and NeCoro
as substitutes for pets and companion animals are intended to
provide emotional and physiological stimulation, have calming
effects, and lead to mood improvements [13].

For the successful implementation and large-scale uptake of
social robots or any other psychosocia intervention, their
feasibility, usability, and cost-effectiveness should be perceived
as good by the end users (people with dementia and healthy
older adults), clinicians, and other stakeholders (eg, health care
insurers and policy makers). The Monitoring and Evaluating
Digital Health Interventions framework recommends eval uating
4 factorsto integrate and implement adigital health intervention:
(1) feasibility, to assesses whether the digital health system
works as intended in a given context; (2) usability, to assess
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whether the digital health system can be used as intended by
users, (3) efficacy, to assess whether the digital health
intervention can achieve the intended results in a research
(controlled) setting, and (4) effectiveness, to assesswhether the
digital health intervention can achieve the intended resultsin a
nonresearch (uncontrolled) setting [14].

Despite the rising interest in social robots after the COVID-19
pandemic, thereislimited evidence on the effectiveness of socia
robotsin elderly care. The methodological quality of studieson
the effectiveness of socia robots in elderly adults is still low,
and inappropriate study designs, samples, form, duration of
interventions, and data collection methods have affected the
strength of study outcomes[12].

Currently, thereis no state-of-the-art proof of concept for study
designs to evaluate the use of social robots for elderly people.
Since the degenerative nature of dementia can cause
methodological challenges, specific attention should be paid to
studies that include people with dementia. To determine what
the appropriate research methods are to study feasibility,
usability, efficacy, and effectiveness, thisarticle aimsto review
the methodol ogies used thus far in studies with social robotsin
clinical and social settings with elderly people to pave the way
for future researchersin thisfield.

Methods

Protocol Registration

The protocol of this scoping review was registered in Open
Science Framework (OSF) [15].

Search Strategy

Searches were conducted on August 13, 2020, in MEDLINE
(PubMed), Web of Science, Psyclinfo, and CINAHL databases.
No timewindow was applied. Three search strings covering the
topics “social raobots” “community setting,” and “elderly
people” were constructed. For each database, reverent subject
headings were adapted. For MEDLINE, we used the following
strings and keywords: ((roboticsfMeSH Terms] OR robot*))
AND ((humanoid OR companion OR socia* OR “socialy
assistive” OR interact* OR android)), (((((((aging[MeSH
Terms]) OR (aged[MeSH Terms])) OR (el derly[MeSH Termsg]))
OR (vulnerable populationfMeSH Terms])) OR (senior)) OR
(ageing)) OR (geriatric)) OR (old*), and (((((community health
servicefMeSH Terms]) OR (social support{MeSH Terms])) OR
(residential facilitiesfMeSH Terms])) OR (independent
living[MeSH Terms])) OR (socia support[MeSH Major Topic]))
OR (“community dwelling” OR “home dwelling” OR “care
home” OR “in-home” OR “a home” OR “home-based” OR
“home setting” OR “nursing home” OR home).

Selection Criteria

Publications potentialy eligible for inclusion had to study a
socia robot that was physically embedded in an experimental
or clinical study in people aged 65 or above. Studies were
excluded if they were (1) conducted in an acute care setting;
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(2) conference abstracts, case studies, dissertations, books, or
review papers; (3) published in alanguage other than English
or Spanish; (4) solely reporting a robot design, devel opment
process, or theoretical models (5) stakeholder opinions on robots
without any interaction; (6) involved in the implementation of
new hardware or software or an assessment tool on arobot (such
as assessing a fall detection sensor); and (7) involving
telepresence robots with only video call features.

Selection Procedure

After the removal of duplicates, 2 reviewers (authors AM and
MM) independently applied theinclusion and exclusion criteria
in 3 steps, starting with screening titles, abstracts, and then full
texts. The selections were compared, and in case of
disagreement, discussed by the 2 reviewers. In cases where no
consensus could be reached, a third reviewer was consulted
(author HR).

Data Extraction

The literature was mapped according to the following areas of
interest: author and country, robot name, the aim of the robot,
aim of the study, type of outcome measure, study design, study
sample, study setting, methodology of data collection,
interaction scenario, rel evant outcome measures, measurement
instruments, results, and reported limitations of the study.
Information was synthesized descriptively, and findings were
narratively summarized according to the areas of interest.

Thequality of theincluded articleswas apprai sed independently
by 2 authors (AM and MM), through the quality assessment of
digital health interventionswithin the Monitoring and Evaluating
Digital Health Interventionsframework established by the World
Health Organization (WHO) [14]. The tool includes a list of
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methodological study criteriacomprising (1) 23 essential criteria
for al types of studies and (2) essential criteriafor qualitative
and quantitative studies (3 criteria each). The extent to which
criteria were met by studies was rated by 3 independent
researchers on a 3-point scale (0= poor, 1= fair, 2= good). We
calculated the percentage of agreement between the ratings
(Multimedia Appendix 1). We also applied this framework to
categorize the studies according to their aims in 4 categories:
(2) feasibility, (2) usahility, (3) efficacy, and (4) effectiveness.

Results

General Findings

The search resulted in a total of 723 individua publications.
After the screening process, 33 articlesmet the selection criteria
(Figure 1). In 33 papers [11,16-45], 23 different socia robots
were evaluated among elderly adults and people with dementia
in 13 different countries. Moreover, 19 studies specifically
evaluated either feasibility, usability, efficacy, or effectiveness
and were considered assingleaim studies. The remaining studies
(n=14) had multiple aims, evaluating 2 or 3 of the
aforementioned study aims. Overall, feasibility was studied in
17 (51.5%) studies, usability in 13 (39.3%), effectivenessin 12
(36.3%), and efficacy in 10 (30.3%).

The quality appraisal identified that primary and secondary
outcomes were clearly defined in al studies. Additionaly, the
methods of data collection were described well, but the
eligibility of the participants was not reported in 12 (36.4%)
papers. Moreover, 12 out of 33 (36.4%) papers did not present
aclear description of the study design. Multimedia Appendices
2 and 3 show asummary of the characteristics, methodologies,
and outcomes of the included studies.
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Figure 1.
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PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for literature search.
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Of the 23 different social robots, PARO (n=10, 30.3%), Nao
(n=5, 15.1%), AIBO (n=2, 6%), and Hobbit (n=4, 12.1%) were
the most often investigated.

Participants and Settings

Of the 33 identified studies, 16 (48.4%) focused on peoplewith
dementia[11,18,23,24,27,29-35,38,39,43,44], 9 (27.3%) were
performed in samples of residents of long-term care facilities
whose  cognitive  status  was  not mentioned
[17,20,22,26,28,36,40,41,45], and the remaining 8 (24.2%)
focused on elderly people living in the community whose
cognitive status was aso not clearly reveaded
[16,19,22,25,37,42,46,47]. Moreover, 4 (12.1%) studies
additionally recruited care staff [22,24,26,38]. The age range
of older adults was 65-98 years. Of the included studies, 3
(9.1%) did not report the number of participants [17,20,26].
The sample sizes used in the studies ranged from 5 to 139.
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The social robots were studied in long-term facilities (n=17,
51.5%), private households (n=8, 24.2%), and |aboratory settings
(n=4, 12.1%). Additional settings were based in a care
organization (n=1, 3%), a daycare center for dementia (n=1,
3%), and a health service facility (n=1, 3%). Four (12.1%)
studies investigated the robots in 2 different settings
[22,33,43,46].

Study Aims, Designs, and Outcome M easures

Single Aim Studies

Of theincluded studies, 3 (9.1%) focused solely on feasibility,
using quasi-experimental designs [22,27,46], and 1 (3%)
explicitly focused on usability in a private home setting [37].
Additionally, 7 (21.2%) studies aimed at studying efficacy
[31-35,38,44], of which 2 (28.5%) applied aform of randomized
controlled trial (RCT) design, 1 (14.3%) randomized crossover
design, 1 (14.3%) pretest-posttest design, and the other 3
(42.8%) aform of quasi-experimental design. The effectiveness
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of the robots was explicitly studied in 8 (24.2%) articles
[17,20,24,36,40,41,43,45] using randomized designs, with 1
(125%) RCT, 2 (25%) blocked RCTs, 2 (25%)
quasi-experimental designs, 1 (12.5%) pretest-posttest design,
1 (12.5%) cross-sectional, and 1 (12.5%) qualitative study. The
impact of robots was evaluated on QoL (n=6, 18.2%), mood
and depression (n=6, 18.2%), behavioral (n=6, 18.2%) and
neuropsychiatric symptoms (n=2, 6.1%), emotions and affect
(n=5, 15.2%), cognition (n=4, 12,1%), engagement (n=8,
24.2%), participation and socia interaction (n=8, 24.2%), care
burden (n=1, 3%), loneliness (n=1, 3%), and physiological
indicators (n=3, 9.1%). The sample size for the 22 studies with
effectiveness/efficacy aimsranged from 11 to 139 participants,
and 7 (31.8%) of these studies included samples of over 40
participants.

Multiple Aim Studies

A total of 14 (42.4%) studies had multiple aims. Of these, 7
(50%) focused on feasibility and usability
[11,16,19,22,25,28,44], of which 3 (42.9%) applied a mixed
methods design, and the remaining 4 (57.1%) applied either an
experimental design or a field trial. Meanwhile, 3 (9.1%)
focused on feasihility, usability, and effectiveness, and all
applied a mixed methods design [26,29,39]. Additionally, 1
(3%) study investigated feasibility and efficacy and applied an
experimental design [30], 1 (3%) focused on feasibility,
usability, and efficacy using a pretest-posttest design [18], and
1 (3%) assessed the feasibility and effectiveness of the robot,
applying a nonrandomized controlled trial design [22].

Study Aimsand Settings

Only 5 (27.8%) of the 18 studies aiming to evaluate feasibility
and/or usability were performed in nursing home settings; 5
(27.8%) were performed in laboratory settings, and the
remaining 8 (44.4%) were performed in private households. In
7 (38.9%) of the 18 studies, people with dementia and those
with cognitive impairment were included. In the remaining 11
(61.1%) studies, the cognitive status of the participants was not
clearly indicated.

Of the 22 (66.7%) studies that focused on efficacy or
effectiveness, al but 4 (81.8%) [29,33,39,47] were performed
in long-term care settings. These 4 (18.2%) were performed in
private households and a daycare facility. Of these studies, 13
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(59.1%) included cognitively impaired samples, only 1 (4.5%)
study included community-dwelling elderly persons without
disclosing their cognitive status, and the remaining 8 (36.4%)
included long-term care residents.

Study Interventions

Interaction between study participants and social robots was
mostly investigated during individual sessions (n=18, 54.5%).
In 12 (36.4%) studies, interactions were studied in group
sessions. Only 3 (9.1%) studies applied both individual and
group interactions [11,20,33], while 1 (3%) demonstrated the
task performance of the robot without any closeinteraction with
study participants [19]. Feasibility and/or usability (n=11,
33.3%) were mostly studied in individual settings (n = 8,
72.7%); 1 (9.1%) study was performedinagroup, and 1 (9.1%)
was applied to both individual and group settings. Individual
(n=7, 21.2%) and group settings (n=6, 18.2%) were used most
often to study efficacy and effectiveness (n=15, 45.5%); 2
(6.1%) studies applied the intervention individually and in a
group. In studies with multiple aims, 4 (28.6%) individual and
2 (14.3%) group setting interventions were found. In 2 (6.1%)
studies, socia robots were available in the residents’ loungein
nursing homes, and participants were free to interact with the
social robots during scheduled time slots[22,45]. In 8 (24.2%)
studies, the robots wereinstalled in participants' private homes
for aduration of 5 daysto 3 months[16,27,29,33,37,39,44,47].

A total of 9 (27.3%) studies executed 1 or 2 interactive sessions
[11,19,22-24,28,30,32,34], of which 6 (66.7%) investigated the
usability and feasibility of the robot, 1 (11.1%) investigated
effectiveness, and 2 (22.2%) investigated efficacy. Most of the
studies conducted more than 2 interactive sessions:. 5 (15.2%)
studied feasibility and/or usability, 12 (36.4%) studied efficacy
or effectiveness, and 8 (24.2%) were multiple aim studies. The
interactive sessions ran from 10 to 90 minutes a day for a
maximum of 4 months.

Data Collection

We identified 4 methods of data collection: (1) questionnaires
(n=26, 78.8%), (2) observations (physical and videotape) (n=19,
57.6%), (3) interviews (n=13, 39.4%), and physiological
measurements (n=3, 9.1%). Figures 2 and 3 show the data
collection methods and the responsible administrator of data
for the identified data collection methods, respectively.

Figure 2. Used methods of data collection for single and multiple aim studies.
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Figure 3. Responsible administrator of data for identified methods of data collection.
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Outcomes regarding feasibility were assessed with the Unified
Theory of the Acceptance and Use of Technology (UTAUT)
model adapted by Heerink [11,19,23,29,30,46,48], the Robot
User Acceptance Scale, the Robot Attitude Scale, the Mind
Perception Scale [21,47], and the Negative Attitudes Toward
Robots Scale[16,37]. Of theincluded studies, 5 (15.2%) utilized
guestionnaires regarding robot functions and acceptance that
were specifically developed for the study [19,22,23,25,46].

Studies exploring usability applied the System Usability Scale
[22,25,28], a modification of the Usefulness, Satisfaction, and
Ease of Use [26] scale, and the Technology Usage Inventory
[39]. Two (6.1%) qualitative studies performed conversation
and video analysis[27,28] to extract statements on acceptability
and usability.

Efficacy and effectiveness outcomes were evaluated by awide
range of neuropsychosocial measurement instruments: (1) mood:
Geriatric Depression Screening [49], the Cornell Scale For
Depression in Dementia [50], Apparent Emotion Rating
Instrument [51], University of California, LosAngeles(UCLA)
Loneliness Scale [52], Observed Emotion Rating Scale [53];
(2) cognition: Montreal Cognitive Assessment [54], Mini-Mental
State Examination [55]; (3) QoL: QoL Alzheimer Disease,
Dementia QoL Questionnaire [56], QoL in Late-Stage Dementia
[57]; (4) behavior: Neuropsychiatric Inventory [58],
Gottfries-Brane-Steen Scale[59], Apathy Evaluation Scale[60],
Cohen-Mansfield Agitation Inventory [61], Apathy Inventory
[62], Apathy Scalefor Institutionalized People With Dementia
Nursing Home Version [63]; (5) Participation and Interaction:
Activity Participation Scale [40], and Assessments of
Communication and Interaction Skills [64].

Among the studies applying questionnaires, 5 (19.2%) indirectly
collected data via care staff and informal caregivers, and 13
(50%) directly collected data viathe researchers.

Study Outcomes

Concerning socia robots’ feasibility outcomes, amost al studies
(n=16, 94.1%) deemed social robots acceptable. Nevertheless,
1 (5.9%) study reported mixed results on acceptability by care
staff [22], and 1 (5.9%) did not find any significant results on
guantitative measurements for acceptability, but qualitative
results were positive [16]. In 3 (17.6%) studies, the perceived
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agency [21,47] and perceived enjoyment [46] were found to
decrease over time.

The reported usability (n=12, 36.4%) was overall positive,
except in 2 (16.7%) studiesin which the usability was negatively
affected by technical issues or lack of robustness of the robots
[28,37]. Only 3 (9.1%) studies assessed affordability for Hobbit
and Nao, in which the participants did not consider the social
robots affordable and were skeptical of buying them [25,28,37].

Most of the findings endorse the use of social robots by older
adults. Improvements were mostly found in emotion and mood
[20,31,33-35,38,44], engagement [24,29,30], and participation
and socid interaction [20,31-33,40,45]. Increased job
satisfaction of staff [22], self-report pain reduction [38], and
improved global psychiatric symptoms [43] were the other
positive study outcomes. There were findings of reduced
challenging behavior [20,31,34], sense of loneliness [17], and
stress levels [45]. However, dementia symptoms like agitation
and other problematic symptoms did not improve in 1 (3%)
study [33].

Meanwhile, 4 (12.1%) studies did not find a significant impact
on QoL [19,21,43/47]. Only 1 (3%) study found a
moderate-to-large positive effect on QoL of people with
dementia [35]. Social robot interventions aso faled to
significantly improve depression [18,21,43,47], perceived social
support [18], medication adherence [47], and cognition [24].
There were mixed results regarding physiological measures,
such as urine tests measuring stress levels and blood pressure
[33,45]. No author declared a proven negative effect of social
robots on older adults.

Reported Study Limitations

Of the 33 studies, 7 (21.2%) did not report any study limitations
[16,17,23,25,30,42,46]. A wide range of limitations was
reported, and the most common barrier considered in 17 (51.5%)
studies was the small sample size, which was mostly reported
for efficacy and effectiveness studies. In the feasibility and/or
usability studies, the limitations were mainly attributed to
technical problems or interaction difficulties. The use of
unvalidated questionnaires, homogeneity in the sex of the study
sample, inadequate observation, and short duration of
interventions were reported as other limitations in general.
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Quality Appraisal

The inter-rater agreement for the quality appraisal was 86.1%.
Reports of the description of study design, bias, and enrollment
procedure were mostly rated as “fair.” In most of the articles,
the sampling methods, confounding factors, missing data in
guantitative studies, and reflexivity of data interpretation in
qualitative studies were poorly reported. Other criteria were
mostly rated as “good” (Multimedia Appendix 1). The quality
appraisal revealed unclear descriptions or insufficient detailsin
5 (15.2%) studies, especialy those in disciplines other than
health research [25,30,42,44,45].

Discussion

Principal Findings

The results of this scoping review revealed avariety of applied
study methods in studies with socia robots concerning study
design, sample size, study setting, method of data collection,
interaction scenario (the sequence, duration, and setting of the
intervention), outcome measures, measurement instruments,
study results, and reported limitations. Feasibility and usability
weremainly studied on preprototype social robotsin laboratory
settings. Considering the relatively short history of the use of
social robots in psychosocia interventions, it is crucia to
determine the main features and functions of the robots to be
considered in the design and development phase. Hence,
usability, feasibility, and implementation should be strategic
research aims. Fully developed robots such as PARO were
evaluated in terms of effectivenessin real-world settings. Most
of the identified studies amed to determine the
neuropsychosocial impact of social robots on older adults.

For the studies that explicitly fall within a feasibility and/or
usability evaluation, researchers applied experimental, mixed
method, and field trial designs, mostly applied outside nursing
home care settings. This might imply that feasibility and/or
usability for personsthat are more severely cognitively impaired
are currently understudied. Most of the studies verified the
acceptability and usability of the robotswithin single or multiple
interactive sessionsin individual or group settings, and all these
studies reported positive outcomes in varying degrees on the
feasibility and/or usability of the social robots. The quantitative
and qualitative data were collected mostly through
guestionnaires and interviews and a few by direct observation.
Regarding this point, researchers should consider using the
direct observational methodology to capture main factors of the
interaction and emotional relationships fostered by robot use.
Within the questionnaires and interview questions based on the
UTAUT model, some concepts such astrust, anxiety, perceived
enjoyment, and social support can change over time[37,46,47].
Therefore, longer use of the robots might reveal these changes
and reduce the novelty effect over time [46].

Overall, efficacy and effectiveness studies were conducted on
study popul ations either with cognitive impairment or residing
in long-term care facilities. The studies with significant results
[17,24,29-31,34-36,45] mostly employed experimental designs
including RCTs and quasi-experimental designs with larger
sample sizesand longer intervention periods compared to studies
showing slight or no improvements. RCTs are likely to be the
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most appropriate design and a gold standard to confidently
demonstrate that a specific intervention hasresulted in achange
in a process or a health outcome [14]. Biased assessment of
outcomes and any confounding effects can be avoidable by
large-scale RCTs. However, due to the degenerative character
of dementia and personal differences in capacities of people
with dementia, difficulties in randomizing subjects often arise
[14]. Additionally, when using long study periods, the dropout
rate might be high, as participants cognitive deterioration can
hinder their continued participation in the study. On the other
hand, when it is not feasible or ethical to conduct an RCT, a
quasi-experimental design may serve best for collecting
guantitative data. We also recommend randomized controlled
block designsin the case of heterogeneous study samples. When,
for instance, including people with dementia in studies with
long intervention periods, the dementia levels alter. With a
randomized controlled block design, some variablesin different
blocks can be controlled for, or comparable approaches can be
applied within the blocks.

Studies targeting the efficacy and effectiveness of the robots
delivered interventions diverged in format, duration, dosage,
and location. Two (6.1%) studies [32,38] highlighted a need
for individual intervention sessionstailored to users’ preferences
and capacities, and the findings of another study confirmed this
approach [65]. Additionally, individualized sessions could omit
confounding factors by reducing the chance of interactionswith
the facilitator or other participants [66]. Group interventions
may lower the odds of interaction between potential users and
the rabot, potentialy lowering the effect of the intervention,
especially when the intervention is delivered in anoisy setting
with many participants [18]. The issues of small sample sizes
and short interactions were considered major limitations in
studies that failed to find significant results, and they are
considered the toughest challenges for researchersin thisfield
[66,67]. These limitations are often cojoined with the study
setting. In nursing homes, alarger number of residents are often
enrolled in aclinical trial, and the robots are not personalized
but must be shared by the entire group. Whereas in private
homes, studies are conducted with individual s or dyads, which
creates better possibilities for personalization of the robot.
Overall, the personalization of the intervention and alleviation
of loneliness are 2 advantages of home-based clinical trials.
However, there are some challenges to these types of studies,
such as the need for several robots, implementation difficulty,
and personalization, but it is nevertheless a step in the right
direction. We observe a paradox, in that new or experimental
robots are employed in research with low numbers of
participants, whereas commercially available robots are tested
on large study samples. Commercialization allows for better
testing and evaluation, which is logical from an economical
perspective. However, we urge that before robots are marketed,
developers should study the feasibility and usability
appropriately in the target group, aswell asthe effectivenessin
asubstantial study samplewith sufficient power. After bringing
the robot to the market, producers should continue to invest in
studies to improve their product to tailor it optimally to their
users. This should be ajoined mission of producers and policy
makers to improve the sustainability of health care systems.
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Apart from the aforementioned limitations of the studies, some
weak aspects of the study designs led to failure of the social
robots’ impacts. For instance, a mismatch between the studied
construct and the main aim of the robot may lead to the poor
conclusion that the robot is not efficient. An example of thisis
the studies on PARO that failed to demonstrate significant
results for cognition, as PARO is not developed to stimulate
cognitive functioning [31,33,41,43]. Additionally, to capture
significant results in constructs such as cognition, QoL, and
depression, along intervention period is necessary becausethese
are constructs that do not change very quickly. In studies with
people with dementia, it might also be useful to study stability
of these constructs instead of improvement, since it isinherent
to the disease that these constructs deteriorate over time.
Regarding the broad concept of QoL ranging from physical
health to psychological state and social relationships, the
application of a suitable QoL measurement instrument that
corresponds to the robot’s aim should be taken into account.

Implications For Efficacy and Effectiveness Studies

Appropriate RCTs with large sample sizes and individual
interaction sessions running for longer than 1 month would
serve best for such studiesto draw relatively robust and reliable
results.

Table 1. Further implications and recommendations for future studies.
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Implications For Feasibility and Usability Studies

The study methods are similar for both aims, so researchers
could apply the same design. Experimental designswith mixed
methods of data collection are recommended for these studies.
Multiple interaction sessions might reveal the changes in
feasibility and usability.

Implication For Studies With Multiple Aims

We recommend performing separate studies for multiple aims
since the study designs for each aim are comparable.

We gathered further practical recommendations through which
future work may address existing shortcomings (Table 1).
Regarding the mixed methods of data collection, studies suggest
a combination of qualitative and quantitative methods for data
collection, which will enablethe researcher to capture different
details in users' responses and address different aspects of the
research question. A mixed methods approach was helpful in
studies that could not derive positive results from quantitative
databut did from qualitative data[16]. Regarding the difficulties
of recruiting many users in case of availability of just a few
robots, these mixed methods should be mandatory. Even though
we did not find any negative results regarding the intervention
dosage, there are shreds of evidence of highly intense
intervention resulting in negative effects or exhaustion [18].
Hence, the dose response for specific measures remain an open
question for future researchers.

Areaof consideration Type of study

Recommendation

Participant and setting Efficacy/effectiveness

Intervention and data collection Efficacy/effectiveness
Feasibility/usability

All types of studies

Gap in the existing literature to be filled Efficacy/effectiveness

«  Gender homogeneity
« Different levels of dementia
. Realistic environments

«  Multipleintervention sessions for longer than 1 month
« Initiaization phase before trial

Well-trained observers and professionals

Tailored interventions

Include an intervention facilitator apart from an observer
Consistent observations

Standardized and validated measurement instruments

A client-centered approach to intervention design

A combination of qualitative and quantitative methods of data col-
lection

o  Observationa study when including people with severe dementia

«  Best response-dosage of intervention for particular measure and
participant condition
«  Characteristics of subjects who benefit most from the social robots

Limitations and Strengths

Although the use of social robotsis promising to support people
with dementia, we did not include dementia specifically in the
search strings, since this scoping review focused on elderly
peoplein general. However, we believe that our search captured
most of the studies executed in the field of dementia because
many of the identified studies included people with dementia
in either mixed or specific study samples. However, some

https://www.jmir.org/2022/8/€37434

relevant studies on elderly peoplewith dementiamay be missing
in this review, as well as may studies that are only traceable in
databases that were not taken into account in this review. The
searches were conducted in scientific databases deemed the
most viableto retrieve valid and reliable resultsfor this scoping
review. The exclusion of studies focusing only on the
development phase of socia robots can be considered a
limitation of this study. Some information on the evaluation of
the feasibility and usability executed in the development stage
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might have been missed. In addition, studies on telepresence
robots were excluded due to their relatively simple features.
Compared to pet robots and humanoid robots, telepresence
robotsarelimited ininteractions with users, which occur merely
through atouch screen, making use of visual and audio stimuli
but omitting other sensory stimulation. Although mainly used
for medical visits, sometel epresence robots might support social
functioning. Information on studies performed on these robots
might have been missed.

Our study isthe first scoping review on the methodologies for
studying social robots in elderly people and people with
dementia. The existing reviews on this topic mostly focus on
design, use, effectiveness, facilitators, and barriers to the
implementation of social robots [12,66,67,68-73]. This study
might support future researchers to design a research study on
socia robots in elderly adults and answer some study design
queries.

Conclusions

This review narratively synthesizes information on the
methodology of studying socia robots in elderly adults and
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people with dementia. Relevant recommendations were
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effectiveness of social robots in private households of elderly
adults and people with dementia to demonstrate the actual
usefulness of socia robots on delaying institutionalization by
improving QoL cognition, and social contact, and counteracting
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Abstract

Background: An increasing number of patients expect and want to play a greater role in their treatment and care decisions.
This emphasizesthe need to adopt collaborative health care practices, which implies collaboration among interprofessional health
care teams and patients, their families, caregivers, and communities. In recent years, digital health technologies that support
self-care and collaboration between the community and health care providers (ie, participatory health technol ogies) have received
increasing attention. However, knowledge regarding the features of such technologies that support effective patient-professional
partnershipsis still limited.

Objective:  This study aimed to map and assess published studies on participatory health technologies intended to support
partnerships among patients, caregivers, and health care professionals in chronic care, focusing specifically on identifying the
main features of these technologies.

Methods. A scoping review covering scientific publicationsin English between January 2008 and December 2020 was performed.
We searched PubMed and Web of Science databases. Peer-reviewed qualitative, quantitative, and mixed methods studies that
evaluated digital health technologies for patient-professional partnershipsin chronic care settings were included. The data were
charted and analyzed thematically. The PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews) checklist was used.

Results: This review included 32 studies, reported in 34 papers. The topic of participatory health technologies experienced a
slightly increasing trend across publication years, with most papers originating from the United States and Norway. Diabetes and
cardiovascular diseases were the most common conditions addressed. Of the 32 studies, 12 (38%) evaluated the influence of
participatory health technologies on partnerships, mostly with positive outcomes, although we also identified how partnership
relationships and the nature of collaborative work could be challenged when the roles and expectations between users were
unclear. Six common features of participatory health technologies were identified: patient-professional communication,
self-monitoring, tailored self-care support, self-care education, care planning, and community forumsfor peer-to-peer interactions.
Conclusions. Our findings emphasi ze the importance of clarifying mutual expectationsand carefully considering theimplications
that the introduction of participatory health technologies may have on the work of patients and health care professionals, both
individually and in collaboration. A knowledge gap remains regarding the use of participatory health technologiesto effectively
support patient-professional partnershipsin chronic care management.

(J Med Internet Res 2022;24(8):€38980) doi:10.2196/38980
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Introduction

Chronic Care M odel

Changes in demographics, disease panorama, and medical
technology enabling early diagnoses and effective treatments
have led to chronic diseases dominating the disease burden,
accounting for alarming increases in health care use and costs
[1]. Thirty years ago, Wagner et al [2,3] proposed the chronic
care model (CCM), which called for asystem of care that goes
beyond health care provision by mobilizing supporting resources
in the community. The model foresaw that the design and
organization of service delivery would need to be adjusted to
what was required and made possible by viewing chronic care
asasystem. Clinical information systems have been identified
asimportant assets, particularly for decision support. In addition,
self-management support for informed and activated patients
has been emphasized [3]. Over the years, the CCM hasinspired
much of the development of chronic care management, as
individuals with chronic conditions need services and support
from several providers. Research has shown that more patients
expect and want to play greater roles in decisions about their
treatment and care and perform self-care more effectively [4-6].
Nevertheless, the transformation of health care practices into
effective chronic care systems remains challenging [7].

Collabor ative Car e Partner ships

The reference to informed and activated patients indicates that
care arrangements according to the CCM are professionally
driven, with health care professionals providing information
and guidance to patients [3]. In contrast, patient-centered and
person-centered careinitiatives, launched at the start of the new
millennium, highlighted the need to place patients at the center
of their care and to make space for patient preferencesin care
planning, accomplished through a shared decision-making
process [8]. This shift in care philosophy undoubtedly paved
the way for patients with chronic conditions to be active rather
than activated, which matched the aims of empowering patients
and promoting equality in the patient-provider relationship.
These movements emphasize the need to adopt collaborative
health care practices, which implies collaboration between an
interprofessional health care team and patients, their families,
caregivers, and communities[9].

Central to thisform of collaboration is the acknowledgment of
patients as experts in their “experience, feelings, fears, hopes,
and desires’ [10]. Patient participation in co-design and slow
coproduction hel ps strengthen their voicesin the design of care
services and can lead to improved patient experiences [11].
There is adso evidence that when patients express what is
important to them and have active roles in designing care,
outcomes, including clinical outcomes, will improve [12]. In
addition, several randomized controlled trials have shown that
engaging patients in symptom monitoring, usually by applying
digital technologies, has a positive effect on patient outcomes
[13,14]. Symptoms are important not only to aert and guide

https://www.jmir.org/2022/8/e38980

the diagnostic workup but also to measure treatment effects
(especialy in severe illnesses) [15]. As patient-professional
partnerships based on mutual respect for professional and
experiential  knowledge can strengthen patients in their
self-management and shared decision-making with health care
professionals, ultimately leading to improved clinical outcomes,
it is worthwhile to study how such a collaborative care
partnership can be enhanced.

Participatory Health Technologies

Digital health technologies delivered in rea time and in
real-world settings offer opportunities to support such
partnerships. Participatory health informatics, which emerged
as a field around 2008, concerns the use of “information
technology as provided through the web, smartphones, or
wearables to increase participation of individuals in their care
process, and to enable them in self-care and decision-making”
[16]. For example, web-based social health networks such as
PatientsLikeMe [17] have become powerful tools for patients
to share their experiences and learn from each other.
Technologies for community support marked the beginning of
participatory health technologies, and interest has been
increasing in technologies supporting self-care  and
patient-professional partnerships, which was the focus of this
study. In particular, the use of text-based patient-professional
communication tools has increased over the past decade [18],
supporting self-management and contributing to increased
patient participation [19]. Although the use of mobile health
apps generally has a positive influence on patient-professional
relationships, health care professionals may still be reluctant to
use them [20]. In addition, despite these apps potentia to
improve health care delivery to people with chronic conditions,
their effects on heath outcomes have been found to be
inconsistent [19,21]. Thus, there is a need to gain more
knowledge about the mechanisms that contribute to effective
patient-professional partnerships. Therefore, this study aimed
to map and assess published studies on participatory health
technol ogiesintended to support partnerships between patients,
caregivers, and hedth care professionals in chronic care,
focusing specifically on identifying the main features of these
technologies.

Methods

Study Design

A scoping review was considered relevant as our aim was to
examine the size, scope, and nature of the available literature
on our phenomenon of interest and summarize existing research
findings[22]. Thereview was performed in 5 stages, guided by
the Arksey and O’ Malley framework [23,24]. A review protocol
(available on request) was developed beforehand and
continuously updated to ensure consistency and reproducibility.
The review team covered multiple areas of relevant expertise,
including health informatics, health services research, medical
technology management, and medicine. A list of expertsin the
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domains of health care, patient self-care, and digital health was
established to be contacted if expert advice was needed. For
example, we sought and obtained input on the practical
relevance of our research questions.

Stage 1: Identifying the Research Question

The scoping review question was specified by considering the
population, intervention, comparison, and outcome [25]. The
population of interest was broadly limited to peopleliving with
chronic illnesses; the intervention of interest was specified in
detail, focusing on digita health technologies that enable
partnerships between patients, caregivers, and health care
professionals (ie, participatory health technologies). No
comparison method was specified, and we aimed to identify all
types of outcomes explored in previous studies. We posed the
following overarching research question: what is known from
the existing literature about participatory health technologies
that intend to support partnerships between patients, caregivers,
and health care professionals in chronic care? More specific
research questions were posed in line with our aim:

« The context of use: At which levels of care are the
participatory health technol ogies used? For which types of
chronic conditions are participatory health technologies
used? Who are the users of participatory health
technologies?

«  Evaluation: What study designs are used and what outcomes
are measured and reported?

«  Featuressupporting partnerships. What arethe main features
of participatory health technologies? How do the different
features influence partnerships?

Stage 2: Identifying Relevant Studies

The search strategy was developed in consultation with the
Karolinska Institutet University Library, following the Peer
Review of Electronic Search Strategies guidelines [26]. Search
terms were designed to capture papers related to three key
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concepts: (1) digital health technologies, (2) partnerships
between patients, caregivers, and health care professionals, and
(3) chronic care management. Searches were performed using
the bibliographic databases PubMed and Web of Science, which
were considered most relevant in relation to our aim. First, we
identified synonymoustermsfor each key concept and combined
them into a search phrase using the Boolean operator OR. We
also identified and used relevant Medica Subject Heading terms
in PubMed. We then combined the search phrases for the 3
concepts using the Boolean operator AND. The exact search
phrases for the 2 databases are presented in Multimedia
Appendix 1. Our searches were performed on November 21,
2017, and updated on December 14, 2020. The search results
were filtered by language and time span, covering papers in
English and Swedish published between January 2008 and
December 14, 2020.

Stage 3: Study Selection

The inclusion and exclusion criteria are listed in Table 1. The
period of inclusion, from 2008 to 2020, was motivated by the
emergence of the term participatory health informaticsin 2008
[16]. Screening was performed using the open-source platform
Rayyan [27]. We specified the labels to be used as reasons for
exclusion in the screening processif theinclusion criteriawere
not met. At the beginning of the screening process, theinclusion
criteria were piloted and refined in several iterations until a
consensus was reached among all authors. The first screening
was performed in late 2017 and early 2018 by EE and MAW
with support from MD, ST, AR, and CW; titles and abstracts
for each study were screened by at |east two of these researchers
(blinded). Conflicts were resolved through discussion and, if
necessary, by involving the research team. The second screening,
following an updated search, was performed in early 2021 by
CW and MB who both screened al titles and abstracts and
resolved conflicts through discussion. They also screened the
reference lists of the included studies to identify additional
relevant publications.
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Table 1. Inclusion and exclusion criteria.

Wannheden et al

Criteria Inclusion Exclusion

Type of studies Qualitative, quantitative, and mixed methods studies on L etters, commentaries, editorials, conference abstracts,
the phenomenon published in peer-reviewed journals doctoral theses, or any type of review

Period January 1, 2008, until December 14, 2020 Before January 1, 2008, and after December 14, 2020

Language English and Swedish All other languages

Type of participants

Phenomenon of interest

Digital health technology

Partnership

Patientswith chronic conditions, defined as a health condi-
tion that lasts at least 3 months

Studies that meet all 3 criterialisted below

A digital health technology is defined as softwareintended
for use for preventive, promotive, curative, rehabilitative,
assistive, or palliative care; this includes categories such
as eHealth or mobile health, wearable devices, and tele-
health services; thedigital health technology should enable
processing and exchange of health information between
end users using the internet

Thedigital health technology intendsto support collabora-
tion and enables interaction between at least two types of

users: patients or caregivers, and health care professionals
or allied professionals (eg, pharmacists)

Patients who do not have chronic conditions

Studies that do not meet all the 3 criterialisted below

Nondigital services or digital services not specifically
intended for medical use; for example, WhatsA pp, email,
telephone, and SM Stext messages are technologiesthat
are not primarily intended for the abovementioned pur-
poses and were thus excluded

Digital health services for peer-to-peer collaboration
between patients or caregivers only, or tools for team
collaboration among staff, without patient or caregiver

Evaluation
chronic care need to be available

Evaluation results testing the digital health technology in

involvement, were excluded; tools that only intended
to support self-care or treatment adherence were also
excluded

Studiesthat merely describe the design and devel opment
of digital health technologies; evaluation that has not
been performed in areal-world setting (eg, heuristic
evaluation by experts)

Stage 4: Charting the Data

A data extraction sheet was developed containing bibliometric
variables (author, country based on corresponding author
affiliation, title, year, and journal), descriptive study variables
(study aim, study design, and sample size), and variables based
on the research questions (chronic condition, level of care, name
and description of the participatory health technol ogy, outcome
measures, and evaluation results). All authorswereinvolved in
testing and refining the data extraction sheet with a selection
of papers. A total of 2 authors per paper extracted and compared
these to cdlibrate the variable definitions and our shared
understanding thereof. Thereafter, CW and MB performed the
remaining extractions for all the papers.

Stage 5: Collating, Summarizing, and Reporting
Results

Charted data were condensed and grouped into categories that
enabled the classification of the studies based on their study
aims, study designs, chronic conditions, outcome measures, and
evaluation results. The charted text describing the parti cipatory
health technol ogy features and their influences on partnerships
was extensive and was, therefore, analyzed separately using a
gualitative content analysis process [28]. The charted text was
abstracted through text condensation and categorization, which
was performed by CW and discussed with MB. Meaning units
were identified and coded inductively using a Microsoft Excel

spreadsheet. Thereafter, al codes were transferred to the open
source FreeMind mind-mapping software[29], wherethey were
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grouped into categories and subcategories. After categorizing
all charted data, we used the statistical software R (R Foundation
for Statistica Computing) [30] to explore descriptive statistics
and the ggpl ot2 package [31] to produce visualizations. Wefirst
present adescriptive numerical summary of theincluded papers
and then present an inductive categorization of the main
participatory health technology features, supported by illustrative
examples. The PRISMA-SCR (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping
Reviews) checklist for scoping reviews was used for reporting.

Results

Study Selection

Database and manual searchesyielded 2763 records (Figure 1);
after removing duplicates, the titles and abstracts of 2475
(89.58%) records were screened, and 2360 (85.41%) records
that did not meet the inclusion criteria were removed. We read
the full texts of 115 papers and excluded 81 (70.4%) for the
following reasons: not partnerships (n=67, 58.3%), not digital
health technologies (n=11, 9.6%), not used in care (n=1, 0.9%),
not evaluated (n=1, 0.9%), and not original research (n=1, 0.9%).
The remaining 34 papers, reporting on 32 studies of 30
participatory health technologies, were included in the
qualitative synthesis. The characteristics of individual papers
are presented in Multimedia Appendix 2 [32-65]. In our
presentation of study characteristics, data were consolidated
from publications reporting on the e-BP study [33,34] and the
MyCyFAPP study [43,44].
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow chart.
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Study Char acteristics

Publication Details

The topic of participatory health technologies experienced a
dightly increasing trend across the publication years, with most
papers being published in the past 2 years of the review period
(Figure 2). The papers originated from the United States (15/34,
44%), Norway (7/34, 21%), and China (2/34, 6%), and asingle

https://www.jmir.org/2022/8/e38980

RenderX

(1/34, 3%) paper each from the following countries. Canada,
Denmark, Sweden, the United Kingdom, the Netherlands,
Germany, Austria, Switzerland, Spain, and South Korea. They
were published in 21 journals, most commonly the Journal of
Medical Internet Research (5/34, 15%), JMIR mHealth and
uHealth (5/34, 15%), Telemedicine and eHealth (3/34, 9%),
and the International Journal of Medical Informatics (3/34,
9%).
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Figure 2. Number of included papers by year and world region.
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Context of Use

The studies were conducted in primary care (18/32, 56%),
secondary care (18/32, 56%), and tertiary care (7/32, 22%; Table
2). Approximately one-third (10/32, 31%) of the studies were
set across levels of care, and some (3/32, 9%) additionally
involved home care, social services, or school health services.
Most studies addressed diabetes (8/32, 24%), followed by
cardiovascular disease (6/32, 19%). The participatory health
technologies were deployed almost exclusively as web
applications or websites for health care professionals, whereas
mobile deployment was common for patient users (14/32, 44%).

Table 2. Context of use.

2016 2017 2018 2019 2020

In some studies, participatory health technologies were
integrated into electronic health record systems or personal
health records [32-38]. In addition to interactions between
patients and health care professionals, participatory health
technologies supported collaboration with allied professionals
[33,34,36,39] or technical staff [40,41]. Caregivers were
identified as users in some studies in which the patients were
children [37,42-45], cognitively impaired [46], or in palliative
care[47]. We identified 3% (1/32) of studiesin which patients
who did not meet these criteria had the option to invite their
families and friends to be users of participatory health
technology [48].

Characteristic References
Level of care
Primary care [33-40,42,46,48-56]
Secondary care [32,39,40,42-45,47,49,52,55-63]
Tertiary care [39,41,43,44,58,60,64,65]
Type of chronic condition
Metabolic (diabetes) [35,38,51,53,55,57,64,65]

Cardiovascular
Autoimmune
Pulmonary

Cancer

Genetic
Immunodeficiency
Psychiatric
Neurodegenerative

Unspecified

[32-34,36,39,48,61]
[45,49,58-60]
[37,48,54]
[47,62,63]

[43-45]

[40,41]

[42]

[46]

[50,52]
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Evaluation

Of the 32 studies, 13 (41%) were effect studies of participatory
health technology use in clinical practice, 8 (25%) were
feasibility studies, 7 (22%) explored user experiences, and 4
(13%) reported on the design and implementation of
participatory health technologies (Table 3). The study designs
included randomized clinical trials (11/32, 34%), quantitative
evaluations (8/32, 25%), qualitative evaluations (7/32, 22%),
and mixed methods evaluations (6/32, 19%). Of the 32 studies,
the sample size was as high as 50 in 11 (34%) studies, 50 to
200 in 14 (44%) studies, and >200 in 7 (22%) studies. The
studies eval uated the effects of participatory health technologies
on clinical outcomes, including health, well-being, quality of

Table 3. Study designs and outcomes.

Wannheden et al

life (17/32, 53%), user experiences (12/32, 38%), and
self-management (7/32, 22%). Approximately one-third (12/32,
38%) of studies evaluated effects on partnerships by describing
the content, experiences, and nature of collaboration
[39,48,51,56]; the distribution of tasks and responsibilities[42];
patient-professiona relationships [51,54]; engagements of
patients and family caregivers [41,45,46]; and the perceived
quality of collaborations [45,46]. Other effects that were
evaluated included access to care and waiting times [49],
continuity of care [47], and health care costs [34,52]. Most
studiesreported positive outcomes (22/32, 69%), although they
were minor or temporary in some cases [35,62]. A few studies
reported mixed results (5/32, 15%) or no change (3/32, 9%).

Characteristic References
Study aim
Design and implementation [39,40,61,64]
User experiences [42,46,48,50,51,56,59]
Feasibility [32,37,45,47,53-55,60]
Effects [33-36,38,41,43,44,49,52,57,58,62,63,65]
Study design
Randomized controlled trial [33-35,37,38,47,57,58,62,63,65]
Quantitative [36,41,43,45,52,53,55,60,64]
Qualitative [39,40,42,46,48,50,51]
Mixed methods [32,44,54,56,59,61]
Samplesize
<50 [39,42,46,48,50,51,54,55,60,61,64]
51-100 [32,37,38,45,47,56,57]
101-150 [36,41,53]
151-200 [40,43,44,58,63]
>200 [33-35,49,52,59,62,65]

Outcomevariables
Clinica outcomes
Partnership
Self-management
User experiences

Outcomes
Positive outcomes
Mixed results

No change

N/AZ

[32-38,41,43,44,47,55-58,62-65]
[37,39-42,44-46,48,51,54,56]
[32,36,44,45,57,62,63]
[32,37,44-46,48,50,56,57,59,60,64]

[32-37,39,41,43-46,48,49,53-55,57,59,60,62-65]
[42,47,50,51,56]

[38,52,58]

[40,61]

8N/A: not applicable.
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Qualitative Synthesis of Participatory Health
Technology Featuresand Their Influenceson

Partner ships

Overview of Features

We identified six main participatory health technology features
for enabling partnerships between patients and health care

Table 4. Thematic analysis of participatory health technology features.

Wannheden et al

professionals: (1) communication, (2) self-monitoring, (3)
tailored self-care support, (4) self-care education, (5) care
planning, and (6) community forum (Table 4). Most studies
described a combination of these features, often involving the
first 3 (Figure 3[32-65]). In thefollowing sections, we describe
the 6 features and their influences on patient-professional
partnerships that were discussed in the studies.

Themes (features)

References

Communication
Asynchronous message exchange
Audio or video communication
Unspecified
Self-monitoring
Self-measurements of health parameters
Self-assessment of symptoms or problems
Self-reported health status or activity
Self-reported medi cation adherence or side effects
Diary for personal notes
Tailored self-care support
Personalized goals
Medication management
Individual feedback
Tailored recommendations
Alerts and reminders or prompts
Self-care education
Educational material integrated in participatory health technology
Linksto external sources
Careplanning
Access to apersonal care plan
Appointments and previsit planning
Community forum
Anonymous contributions
Health care professional monitored

Unspecified

[32-36,38,40-44,46-49,52-57,60-63]
[32,39,48,52]
[65]

[33-36,52,53,57,59,61,65]
[32,37,39,43-45,50,58,62,63]
[32,35,38,40,41,44,45,48 50,54-56,59-61,64,65]
[32,35,38,40,44,64]

[48,55,63]

[34-37,44,51,55,64]
[32-34,36,39,41,49,56,64,65]
[35,50,51,55,64]
[33-35,37,43-45,49,52,57,62,63]
[32,36-38,41,42,45,52,57,58,60,64]

[32,34-37,41,43,44,49,51,53,54,56,60-62,65]
[32,33,38,48,58,62,63]

[32,34-37,40,42,54]
[33,45,58,60]

[40,41,55,56,62,63]
[55,56,63]
[65]
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Figure 3. Illustration of identified participatory health technology features in each of the included papers, grouped by the total number of features

(ranging from 1 to 5) [32-65].
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Communication

Support for patient-professional communication was a central
participatory health technol ogy feature described in 84% (27/32)
of studies. Most commonly, communication was facilitated
through asynchronous text-based information exchanges
between users; however, some studies al so implemented audio-
or video-based communication. In some studies, team-based
communication between multiple users (including patients,
caregivers, careteam members, and alied health professionals)
was aso supported, enabling patients and caregivers to
communicate with multiple care team members and care team
members to interact with each other [46,47,49]. This
communication feature contributed to rapport building [40] and
improved patient-professional relationships among young and
adult patients [44,54,60]. In a study of teenagers living with
asthma, health care professionals reported that written
communication could lead to more honest and elaborate
responses among patients who may be less takative in
face-to-face encounters[54]. Meanwhile, a study that evaluated
e-consultations for diabetes self-management support found
that asynchronous communication could make patient-nurse
relationships more fragile because of the risk of
misunderstandings, suggesting that the best option may be a
combination of written and face-to-faceinteractions[51]. Most
studies did not describe any constraintsin content, time, or word
limits for message exchanges. Although one of the studies
reported that health care professionals did not experience
answering messages as too time consuming [63], other studies
reported that tighter communication and follow-up of patients
led to greater workloads for health care professionals between
consultations [44] and could blur the boundaries between their
private and work lives [56]. Various engagements with
participatory health technologies among heath care
professionals and patients led to frustration when expectations
were not met, for example, when messages were not answered
[42,56].

Self-monitoring

Self-monitoring was also a central feature found in nearly all
studies (27/32, 84%). It comprised the use of self-measurement

https://www.jmir.org/2022/8/e38980
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devicesto register and report health data, such as blood pressures
[33,34,36,61,64], blood glucose levels [35,53,57,64,65], or
physical activity [36,52]; self-assessments of symptoms or
problems; self-reported health statuses or activities; self-reported
medication adherence or side effects; and diaries for personal
notes. When health parameterswere not measured using externa
devices, self-monitoring was mostly facilitated through
structured datainput based on predefined forms. Several benefits
regarding patient-provider partnerships were identified:
increased patient motivation [50,59], higher perceptions of being
recoghized and respected by health care professionals[48], and
more efficient consultations because of less time being spent
on collecting and explaining data[44]. By providing contextual
information and their own interpretations of self-monitored
data, patients could participate as diagnostic agentsin clinical
assessments [39].

Tailored Self-care Support

The features for providing tailored self-care support were
identified in 78% (25/32) of studies. This entailed support for
setting and monitoring the progression toward personalized
goals, medication management (eg, personal medication lists
and managing refills), individua feedback, tailored
recommendations, and alerts and reminders. Health care
professionals provided individual feedback to patients on the
basis of clinical variables or reported self-assessments and
reflections [35,50,51,55,64]. In addition to feedback, tailored
recommendations were often provided regarding therapy
adjustments, symptom management, self-management activities,
self-monitoring, and topics to discuss with clinicians.
Recommendations were either automatically generated based
on patients' reported data [37,43-45,52,62,63] or individually
taillored by heath care professionals [34,35,49,57]. The
provision of feedback contributed to the development of good
relationships and made patients feel understood and addressed,
although feedback could al so be experienced as challenging for
patients [50]. Motivational messages could be both appreciated
and experienced asannoying [44]. Alertswere provided to draw
attention to patients and health care professionals, generally
based on predefined threshold values for clinical parameters
[32,36,45,60,64]. In some cases, alertswere also used to inform
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health care professionals about patients’ activities or engagement
with participatory health technologies[42,52]. Reminderswere
used to support medication adherence [41], prompt patients to
upload self-monitoring data [37,57,58,64], or remind them of
clinical examinations or appointments [38].

Self-care Education

Features for providing self-care education were described in
amost two-thirds of the studies (20/32, 62%). Educational
materia wasintegrated into the participatory health technologies
or provided through linksto external sources and often covered
both disease-specific information and lifestyle topics, such as
nutrition, health and wellness, or smoking cessation
[41,43,44,60]. Where educational material was embedded in
participatory health technology, contents could be adapted
specifically to the target group. For example, in a study of
patients with diabetes [53], educational material was adapted
to be culturaly appropriate to the target group of native
communities. Self-care education was sometimes delivered
through video clips[35,37,54,61] or could include atoolbox of
resources, such asrecommended activities, good-to-know texts,
and workbooks [56]. Several studies reported improvementsin
self-management knowledge and self-efficacy [32,43,44,60].

Care Planning

Approximately one-third (11/32, 34%) of the studies described
features for participatory health technology—supported care
planning. Thisinvolved accessto planned activities or personal
health plans and support for scheduling appointments or
planning care visits. In preparation for care visits, patients had
opportunitiestoidentify goals, questions, or problemsto discuss
with their clinicians and provide information about their disease
activity by filling in structured data forms [45,58,60]. A study
of pediatric patients [45] found that visits and collaborations
improved through this preparation. Another study identified
shiftsin roles and sometimes power transitionsfrom health care
professionals to patients and caregivers as they took more
responsibility for care planning [42].

Community Forum

Web-based community forums for peer-to-peer interactions
with other patients were provided in some studies (7/32, 22%).
Thisfunctionality appeared in studies published in 2013 or later
and only in participatory health technologies that had several
other featuresaswell. In most cases (5/7, 71%), the community
forums enabled patients to write questions and comments
anonymously to protect their integrity. In 43% (3/7) of studies,
community forumswere monitored by health care professionals
who could contribute with answers to posted questions. In a
community mental care setting, it was reported that peer support
initially established through an anonymous community forum
could develop into friendships when combined with café
gatherings where service users could meet in real life [56].
Several studies found that patients would visit the web-based
community forumsto read others' posts more often than to post
something themselves [41,56,62].
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Discussion

Principal Findings

This scoping review identified and described the characteristics
of  participatory  health  technologies  supporting
patient-professional partnerships in chronic care management
evaluated in 32 studies and published in 34 papers. These papers
originated almost exclusively from North Americaand Europe
and were published in avariety of journals, mainly in thefields
of biomedical informatics or information science but alsointhe
fields of health services research, medicine, and nursing. This
reflects the multidisciplinary nature of participatory health
informaticsin chronic care management. The slight increasein
the publication trends may suggest an increasing interest in
digital services for participatory medicine in recent years.
Notably, theincluded papersrepresented high variation in terms
of the chronic conditions addressed, the levels of care where
the participatory health technologies were used, the study
designs, and the sample sizes. Nevertheless, 6 common
participatory health technology features could be identified.
Most participatory health technologies had features to support
patient-professional  communication, self-monitoring, and
tailored self-care support. More than half of the studies described
self-care education features, and approximately one-third
discussed features to support care planning. In more recently
published studies, the facilitation of peer support through
web-based community forums emerged as a new feature. The
engagement of caregivers as participatory health technology
users was also more common in recent studies, possibly
indicating a shift from focusing merely on the
patient-professional dyad to asystem view of collaborative care,
acknowledging the involvement of more stakeholders. Most
studies reported positive outcomes, although there were mixed
results, highlighting the importance of tailoring participatory
health technol ogy implementation and useto individuals needs
and preferences.

Comparison With Prior Work

Our thematic analysis focused on identifying common
participatory health technology features and describing the
identified influences on patient-professional partnerships. In
the following sections, we discuss 3 observations made when
interpreting our findings, namely, how participatory health
technologies influence roles and relationships, the changing
nature of chronic care work, and a shift from intermediation to
apomediation.

Changing Roles and Relationships

Overall, our findingsarein linewith previous studiesindicating
that the use of eHealth interventions can positively influence
patient-professional communication and relationships[20] and
also challenge these because of undefined or changed roles[66].
As a previous review has shown [20], the positive influences
of participatory health technologies on patient-professional
relationships depend on participating actors who meet the
expectations and rules of minimal engagement. Thiswasclearly
seen in some studiesin mental care [42,56], where variation in
patient or professional engagement with participatory health
technologies could lead to either enhanced or challenged
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relationships. One of these studies highlighted that health care
professionals may need to communicate their personal
boundaries to patients; for example, they would only check
messages on certain weekdays [56]. However, these kinds of
socia interaction norms have rarely been made explicit in
studies where asynchronous interactions were not structured or
constrained, which could lead to a blurring of the boundaries
that define the contents, extents, and times of interactions
[67,68]. The ethical implications of digital patient-professional
communication can be complex and require organizational
guidelines to promote good practices in the use of digital
communication [67]. Role uncertainty may affect both staff and
patients [69], suggesting that the introduction of participatory
health technology features that enable unlimited asynchronous
interactions or task shifting (eg, the patient takes on tasks
traditionally performed by health care professionals) should
also involve mutual agreements on the distribution of tasks,
roles, and responsibilities between patients and professionals.

Changing Nature of Collaborative Chronic Care Work

In addition to communication support, the most common
participatory health technology features we identified were
self-monitoring and tailored self-care support, which is
comparablewith theresults of arecent scoping review focusing
on the features of web portalsfor telerehabilitation [70]. These
3 features were often combined, and they have the potential to
profoundly influence the nature of collaborative work among
patients, caregivers, and health care professionals. Through
self-monitoring and self-care, patientstake over tasksthat were
previously performed by health care staff (eg, measuring of
vital parameters) or not performed at all (eg, continuous
collection of health parameters between consultations). As
described in one of the papers in our review [44], patients
self-monitoring also influenced the work of hedth care
professional sin several ways. Consultations could become more
efficient as data were collected in real time and made available
to both patients and hedth care professionals before
consultations. In contrast, health care professionals had to spend
more time between visits responding to questions or providing
feedback to their patients (ie, communication and tailored
self-care support). Thisindicatesthat health care professionals
workloads may increase in some areas but decrease in others,
with implications for how their work is organized. Workloads,
workflow disruptions, and alignment with clinical processes
are among the most common barriersto the adoption of eHealth
services [66]. Another study found that when patients
transmission of data replaced physical meetings, the patients
could become passively disengaged, resulting in poorer
collaborations [39]. Enabling patients to provide contextual
information in addition to automated self-measurements
contributed to reintroducing them as collaborative partners in
diagnostic interpretation; however, the authors questioned
whether this could really be labeled as collaboration or merely
the transmission of more data. This study clearly problematized
the potential issues when self-monitoring merely replaced
previous collaborative work. When self-measured data are not
interpreted in collaboration with the patient, the partnership
may be harmed rather than improved.
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Features for care planning provided another example in which
the nature of collaborative work could change. For example,
care planning enabled patients to influence the agenda for care
visits by communicating their personal goals and the questions
they wanted to address. One of the studies described a power
transition, as patients took more responsibility for their care
plans [42]. Altogether, these findings emphasize that the
potential implications of participatory health technologies on
the nature of collaborative work need to be carefully considered
when introducing eHealth services that influence the work of
patients and health care professionals in chronic care
management.

Moving From I ntermediation to Apomediation

With the rise of web-based technologies, referred to as Web
2.0, and similarly, Medicine 2.0, the terms intermediation,
disintermediation, and apomediation were introduced [71,72].
Intermediation refersto the selection and delivery of “relevant”
health information by an intermediary (eg, health care
professionals or aweb portal vetted by experts). For example,
self-care education and self-care support featuresthat were quite
common in this review may be understood as methods of
intermediation. By providing patients with relevant self-care
information, health care professionals can shift away from the
paternalistic model of physician-patient relationships to an
interpretive model, where they take on roles as counselors or
advisersinindividuals' self-care[73]. The provision of self-care
education was associated with increased knowledge and
self-efficacy, which are resources that individuals can draw on
to build their capacities for self-management [74]. It has been
suggested that the more knowledgeable and self-efficacious
patients become, the less they want to rely on experts (ie,
disintermediation), preferring guidance from peers who “stand
by” rather than “in between” patients and the knowledge they
seek (ie, apomediation) [71]. An example of apomediation is
web-based social health networks, which have been integrated
as components in the eHealth-enhanced CCM [75]. Although
web-based communities marked the beginning of participatory
health informatics [16], the integration of socia networking
features in participatory health technologies intended for
patient-professional interactions emerged asanew trend in this
study. Our results illustrate that the 3 different types of
participatory health technologies that have been previously
distinguished (ie, Web 2.0, self-care support, and tools
supporting health care provision) are being increasingly
combined in multimodal services. This suggests that
participatory health technologies may indeed enable a shift
toward a more collaborative and networked approach to
participatory medicine beyond the patient-professional dyad.
We have identified several features to support partnershipsin
chronic care management; however, the processes of how patient
knowledge is shaped and integrated in shared decision-making
are still poorly characterized [76]. Future research may reveal
how knowledge from web-based health communities, patients,
caregivers, and health care professionals can be effectively
combined to support patients in their individual self-care and
drive quality improvement and collective organizational
learning.
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Strengths and Limitations

This scoping review has severa strengths, including the
inclusion of al typesof study designsto obtain findings assessed
using different methods, ascreening method involving multiple
researchers, and a qualitative synthesis contributing to new
knowledge. The included studies covered various chronic
conditions, clinical settings, and study designs. Our search
strategy limited the review to papers published in English and
Swedish between 2008 and 2020, implying that we may have
missed important studies published earlier and in different
languages. Furthermore, the inclusion criteria restricted the
studies to those that reported the use of software specifically
intended for clinical use (ie, excluding the use of email, SMS
text messages, or nondigitally supported means of partnership)
and had been evaluated in clinical practice. Nevertheless, our
findings add new knowledge that contributes to describing the
scope and nature of participatory health technology featuresto
support patient-professional partnerships. Only 38% (12/32) of
studies evaluated the effects on partnerships, which suggests
that a knowledge gap remains regarding the influence of
participatory health technologies on the nature of partnerships
and how to support collaborative health care practices
effectively. Asmost studies reported positive results, there may
also be a publication bias, given that studies of failed eHealth
interventions are published less frequently [77].
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Abstract

Background: Social mediatools have provided health researchers with the opportunity to engage with communities and groups
in a nonconventional manner to recruit participants for health research. Using social media to advertise research opportunities
and recruit participants facilitates accessibility to participants from broad geographical areas and diverse populations. However,
little guidance is provided by ethics review boards for researchers to effectively use this recruitment method in their research.

Objective: This study sought to explore the literature on the use of social mediafor participant recruitment for research studies
and identify the best practices for recruiting participants using this method.

Methods: An integrative review approach was used to synthesize the literature. A total of 5 health sciences databases, namely,
EMBASE (Ovid), MEDLINE (Ovid and EBSCOhost), PsycINFO (Ovid), Scopus (Elsevier), and CINAHL Plus with Full Text
(EBSCOhost), were searched using predefined keywords and inclusion and exclusion criteria. The initial search was conducted
in October 2020 and was updated in February 2022. Descriptive and content analyses were applied to synthesize the results, and
the findings are presented in a narrative and tabular format.

Results: A total of 96 records were included in this review, 83 (86%) from the initial search and 13 (14%) from the updated
search. The publication year ranged between 2011 and 2022, with most publications (63/96, 66%) being from the United States.
Regarding recruitment strategy, 45% (43/96) of the studies exclusively used social media, whereas 51% (49/96) used social media
in conjunction with other strategies. The remaining 4% (4/96) provided guidelines and recommendations for socia media
recruitment. Notably, 38% (36/96) of these studies involved hard-to-reach populations. The findings also revealed that the use
of social media is a cost-effective and efficient strategy for recruiting research participants. Despite the expanded use across
different populations, there is limited participation of older adults in social media recruitment.

Conclusions:  This review provides important insights into the current use of social media for health research participant
recruitment. Ethics boards and research support servicesin academic institutions are encouraged to explicitly provide researchers
with guidelines on the use of social mediafor health research participant recruitment. A preliminary guideline prepared based on
the findings of thisreview is proposed to spark further development in this area.

(J Med Internet Res 2022;24(8):€38015) doi:10.2196/38015
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Introduction

Background

In this digital age, advancements in technology have created
opportunities for researchers to use new techniques to recruit
research participants. For health researchers, technological
innovations present an opportunity to use digital platformssuch
associal media, theinternet, web applications, multimedia, and
smartphonesto effectively and efficiently engage the community
for research recruitment [1]. These digital platformsprovidean
additional sourcefor participant recruitment for health research
studies[2]. Within health sciences, social mediaisbeing quickly
adopted because of its increased use as a method of
communication with the public [3]. For many researchers,
recruiting participants for trials can be a daunting task that can
result in study delays or the termination of trials[4]. Less than
one-third of trials reach their original target within a specified
timeframe, and approximately one-third required extension [5].
Hence, reaching targeted participants through social media
platforms provides an important avenue for facilitating
researchers’ work.

Social mediarefersto agroup of internet-based communication
servicesthrough which users create and partici pate in web-based
exchanges, contribute user-created content such as videos, or
joinweb-based communitiesto shareinformation and ideas[6].
The trends and patterns of social engagement worldwide help
provide researchers, policy makers, and other stakeholderswith
an overview of the different social mediaapplicationsthat users
are engaged with [7] and how these tools could potentially be
used to leverage health research. With a global population of
7.8 billion inhabitants [8], internet users stand at 4.54 billion,
representing a 59% penetration rate, and active social media
users at 3.80 hillion, representing 49% [9,10]. Active socid
media platforms users include Facebook (63%), YouTube
(61%), WhatsApp (48%), Facebook Messenger (38%),
Instagram (36%), Twitter (23%), and Snapchat (13%) [9,11].
Social media provides an appropriate medium for user
connection and communication, information collection and
dissemination, knowledge sharing, discussion, and collaboration
with communities for professional networking and business
purposes [12-14].

Despite the numerous benefits and opportunities associated with
social media, its usein the recruitment of research participants
is still evolving. Health researchers using digital platforms for
research participant recruitment encounter challenges such as
efficiency, cost, information reliability, informed consent,
confidentiality, privacy-related concerns [15], internet
accessibility, information overload, informed consent, and
interaction quality [12,13]. In traditional recruitment methods,
researchers often face costs associated with personnel and
resources, administrative changes, time-consuming recruitment
processes, recruitment bias, and population homogeneity
[16-20]. Cost playsan essential part in the success of aresearch
processas ahigher fraction of the cost isallocated to participant
recruitment [21]. The cost involved in research studies varies
and is dependent on certain factors such as the targeted
population, geographical location, and type of recruitment

https://www.jmir.org/2022/8/e38015

Darko et al

approach [18]. To overcome the challenges associated with the
cost of participant recruitment, researchers need metrics to
determine the cost of recruitment.

To access social media, users are required to create a profile
that requires certain mandatory information such as first name
and last name, email address, or mobile phone number [22].
Although interested social media users willingly provide these
data, they are often unknowingly signing away their privacy,
which increases the possibility of privacy breaches [23].
Although research ethics boards (REBS) require removing
identifying information of research participantsfrom datausing
unique identifiers, such guidelines are rendered ineffective in
the context of social media data as participants' relational links
are predictive of their attributes [24]. Nonethel ess, Narayanan
and Shmatikov [25] stated that such anonymization of
participants’ data might be insufficient to protect social media
networks' privacy.

Researchers need guidance to navigate the ethical and logistical
issues associated with using social platforms as a recruitment
tool other than the “Terms and Conditions’ stated by the
application software providers[26]. Therefore, researchersoften
turn to ethics boards within their ingtitutions for guidance on
social mediaand internet recruitment; however, thisinformation
isnot alwaysreadily available. To determine this, we reviewed
the REBs of the top 10 higher education institutions in Canada
to identify any standard ethical guidelines currently being used
or recommended for using socia media tools to recruit
participantsfor research studies beyond adopting the Tri-Council
Policy Statement on research. We used the QS World University
Ranking criteria, which determine universities rankings
worldwide based on 6 metrics [27]. This strategy was deemed
appropriate asthese universities are known for their high-impact
research productivity. The results revealed that only 3
universities had guidelines available on social media use in
research studies, which further supported the need for this
integrative review (Multimedia Appendix 1). A standard
protocol that could be adopted by postsecondary institutions,
research organizations, and researchers could help mitigate the
pitfalls researchers encounter during participant recruitment for
research via socia media applications. Such protocols may
facilitate the research process, expedite data collection, and
ensure that digital research recruitment practices protect
participants’ data and rights.

Regarding the published literature, only 1 review [15] examined
the evidence of cost, effectiveness, and the characteristics of
participants recruited through Facebook compared with other
web-based, social media, and traditional recruitment methods
for adult health research. Little is known about the use of other
social media platforms for participant recruitment in health
research. Therefore, this study was warranted to address these
gapsin the literature.

Objectives and Research Questions

Thisreview sought to examinethe evidence available on al the
applications identified as social media tools and identify the
best practicesto facilitate participant recruitment through these
tools. We addressed the following research questions:
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1. What are the different social media tools commonly used
by health science researchers for recruiting research
participants and in what populations?

2. What isthe proportion of nursing researcherswho use social
media platforms for recruitment?

3. What are the benefits and challenges of using social media
to recruit research participants?

4. What are the best practices and ethical considerations for
using socia mediatools to recruit research participants?

Methods

Overview

Anintegrativereview guided by the Whittemore and Knafl [28]
framework was conducted. This review type alows for the
inclusion of diverse research methodologies and data sources
to understand and generate new knowledge on the phenomenon
of interest [28,29]. A comprehensive search strategy was
formulated in consultation with a health science librarian. The
initial search was conducted on October 11, 2020, and updated
on February 24, 2022, in the EMBASE (Ovid), MEDLINE
(Ovid and EBSCOhost), PsycINFO (Ovid), Scopus (Elsevier),
and CINAHL Pluswith Full Text (EBSCOhost) databases using
asearch strategy of keywords and subject headings through an
iterative process (Multimedia Appendix 2). The criteria for
eligibility were (1) al types of published research on primary
and secondary studies, including qualitative, quantitative, and
mixed methods; (2) discussion papers, white papers, reports,
brief reports, specific guidelines, conference proceedings,
dissertations, and published manuscripts that reported on social
mediause; (3) research reports published between January 2000
and February 2022; and (4) research reports that focused on
research participant recruitment and advertisements on social
media platforms, including all types of populations and health
sciences disciplines, and (5) all geographical locations. The
following articles were excluded: (1) non-English-language
articles; (2) unpublished manuscripts and non—peer-reviewed
publications such as descriptive papers, editorial papers, opinion
papers, letters, book reviews, and article reviews; (3) review
articles (scoping, integrative, narrative, and systematic) already
published on the topic; and (4) all non—health sciences articles.
Thetimeframe for the published reports was chosen to capture
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the contemporary views that reflect the trends and popularity
of digital platformsin participant recruitment.

Data Evaluation and Analysis

Records from the databases (initial search N=1197) were
retrieved and imported into the Covidence Management
Softwarefor data screening and extraction. Overall, 2 reviewers
(EMD and MK) independently conducted the screening process
in Covidence, screening titlesand abstracts, followed by full-text
screening. All decisions made to either include or exclude
records against the predetermined inclusion and exclusion
criteriawere documented. Where conflictsarose, the 2 reviewers
consulted and resolved them through a voting process. We
conducted another search on February 24, 2022, to update the
results. The PRISMA (Preferred Reporting Itemsfor Systematic
Reviews and Meta-Analyses) Protocols template in Covidence
was used to map out the screening process, and the results as
shown in Figure 1.

Thefollowing detail swere extracted from the included records:
name or names of the author or authors, year of publication,
country of publication, study design, study population, total
number recruited, total number of participants enrolled or
recruited through social media, social media platform used,
other recruitment strategies, type of advertisement (paid or not
paid), incentives provided, whether the study was funded,
limitations of social mediareported by the authors, and duration
of advertisement (Multimedia Appendix 3 [2,18,20,30-115]).
The extracted data from these records were analyzed by
identifying codes and categories to characterize emerging
themes, patterns, trends, and relationshipsto aid in synthesizing
the findings logically and coherently. In addition, descriptive
statistics were applied where appropriate to describe and
summarize the data pertinent to the distribution of research and
other characteristics. The Critical Appraisal Skills Program
[116] was used per the research methodology to appraise and
evaluate each of the included studies critically to ensure the
quality of the available evidence included in this review
(Multimedia Appendix 4

[18,20,31,50,53,54,55,58,60,61,76,77,81,106,109,114]). The
studies were assessed and rated as “low quality” or “moderate
quality” based ontheir theoretical or methodological rigor [28].
Ethics approval was not required as this study did not involve
human participants.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2009 flow diagram.
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Results

Overview

In total, 1197 records were retrieved from the initial database
search; in Covidence, 441 (36.8%) duplicate records were
removed from the imported references, and a total of 756
(63.2%) records were moved for screening. In the first stage of
screening, thetitles and abstracts of each record were screened
for full-text review. In the second stage of screening, 187
full-text studies were reviewed entirely and assessed for
eligibility for inclusion or exclusion. For records that were not
avalable in the full text, the Health Science Library was
contacted to obtain those records. A total of 6 articles that
reported on conference proceedings were retrieved but did not
have any substantial information, as reported in the abstracts.
Nonetheless, the full texts of these articles were requested
through library services but could not be retrieved; thus, a
decision was made to exclude them from the results. It should
be noted that although the Covidence software automatically
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(569)

Excluded record with reasons (104)
32 Wrong concept

34 Nonresearch

13 Reviews

11 Nonhealth discipline

8 Duplicate

6 Records not available

February 24, 2022.
Updated search identified
records from EMBASE (Ovid),
MEDLINE (Ovid), and
CINAHL Plus with Full Text
(89)

removes duplicates, there were instances of errors where some
records were missed; therefore, removing these duplicates
manually was warranted. Of the initial search, a total of 83
records were included. The updated search returned atotal of
89 records. Of the 89 articles, after 11 (12%) duplicates were
removed, atotal of 78 (88%) articles were screened. A total of
23 articles underwent full-text review, of which 10 (43%) were
excluded as they did not meet the inclusion criteria, and 13
(57%) articleswereretained and included in the review. Finally,
96 records were included in the review. In total, 114 records
were excluded (Multimedia Appendix 5).

Characteristics of Included Studies

The range of publication years of the articles included in the
review was between 2011 and 2022 (Multimedia Appendix 3).
Most publications were from the United States (63/96, 66%)
and Australia (20/96, 21%). Besidesthat, they were from Canada
(5/96, 5%), the Netherlands (2/96, 2%b), and the United Kingdom
(2/96, 2%). There was only one publication from each of the
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following countries: Taiwan, Ecuador, India, and Brazil. Out
of the 96 included studies, 92 (96%) were papers reporting
primary research and 4 (4%) werereportson using social media.
The methodological approaches used were cross-sectiona
studies (38/96, 40%), web-based surveys (15/96, 16%),
secondary data analysis (14/96, 15%), randomized controlled
trials (10/96, 10%), reports (4/96, 4%), mixed methods studies
(4/96, 4%), qualitative studies (3/96, 3%), cohort studies (3/96,
3%), clinical trials (3/96, 3%), quasi-experimental studies (1/96,
1%), and longitudinal studies (1/96, 1%).

Social Media Use by Nursing Researchersand Other
Health Researchers

We were interested in determining the proportion of nursing
researchers using social media; however, this was not easy to
identify as researchers have published studies that have used
social media for the recruitment of research participants in a
variety of interdisciplinary journals. On the basis of thejournal
names where these articles were published, these researchers
could befrom any health discipline, including nursing, medicine,
psychology, rehabilitation, nutrition, pharmacy, or public health.
Of the 96 included studies, 71 (74%) were published in general
health science journals or interdisciplinary journals
[18,20,26,30-92,117-121], and 25 (26%) were published in
nursing-related journals [2,93-115,122].

Social Media Tools Commonly Used by Health
Researchers

Researchers used a variety of social media platforms to recruit
participants, as reported in the included studies. Researchers

Darko et al

either exclusively used social media (43/96, 45%) or social
media in conjunction with other recruitment methods (49/96,
51%) to recruit participants (Multimedia Appendix 3). For
studies that exclusively used socia media, =1 social media
platform was used simultaneoudly. Social media platforms
included Facebook, Twitter, Craigdist, Instagram, YouTube,
Linkedin, Reddit, Snapchat, and Tumblr. For social media in
conjunction with other recruitment strategies, researchers used
theidentified social mediaplatformsin addition to blogs, social
media, Grindr, and WhatsApp Messenger. It was noted that, at
times, researchers used the term “social media’ but did not
specify the type of social media used. In both approaches, most
participants relied on the use of Facebook for research
recruitment.

Age Groups of Research Participants Recruited via
Social Media

Although researchers used socia media platforms for
advertisement and recruitment of participantsfor research, they
sometimes did not target specific populations. In addition, the
age group distribution of these populations varied, and the
definition of the age group differed depending on the study
aims. To address this, initialy, the range of age groups was
specified asfollows: children (aged <9 years), adolescents (aged
10-18 years), young adults (aged 19-35 years), middle-aged
adults (aged 36-55 years), older adults (aged 56-64 years), and
older adults aged =65 years. The included studies were then
scanned against this categorization to identify which age group
was most targeted for social media recruitment (Table 1).

Table 1. Age groups of research participants recruited via socia media (N=92).

Age category Participants, n (%)  Research studies

=218 years 28 (30) [30,31,33-35,40,48,50,52,57,58,70,73-76,78,79,81-83,90,94,97,108,111,112,114,115]
Age group: not specified 22 (24) [2,32,36,39,56,66,68,86,89,92,93,96,98-101,103,105-107,110,119]
Two age categories 18 (20) [20,38,41,42,46,47,49,53,55,58,61,63,64,72,84,87,95,102]

Age groups between 3 age categories 9(10) [37,44,54,62,67,77,80,85,117]

Age groups between 4 age categories 3(3) [60,71,91]

Age groups between 5 age categories 3(3) [65,69,113]

Adolescents 2(2) [18,120]

Age groups of =21 years 3(3) [52,88,109]

>30 years 1(1) [51]

>33 years 1(1) [104]

245 years 1() [49]

>60 years 1(1) [43]

Age group of <9 years 0(0) _a

3ot available.

Populations Targeted in Social M edia Recruitment
and Their Characteristics

Researchers havetargeted different populationsin their research
studies. Largely, there were many studies (46/96, 48%) that
included the general population [2,18,20,31,32, 36,37,40,41,
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43,46,47,49, 51,54,55, 58,60,63,64,65, 67,69,70,71,72,73,74,77,
79,80,84, 85,91,92,93,94, 104,106,108, 112,114,115, 119,120].
In addition, asignificant proportion (36/96, 38%) of theincluded
studies focused on recruiting hard-to-reach populations (Table
2). Hard-to-reach populations are groups that are socialy
disadvantaged and present a challenge to access for researchers
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because of ethnicity, low income, or health literacy [123,124].
In thisreview, these popul ations had addi ction problems, unique
medical disease conditions, or lifestyle choices or belonged to

an ethnic minority group. A few studies applied social media

Table 2. Hard-to-reach populations targeted in social media recruitment.

Darko et al

recruitment to target health care professionals as research
participants (10/96, 10%)
[96,98,99,100,101,103,105,106,107,113].

Population

Records

Addiction: smoking and a cohol

Medical disease conditions: survivor of cancer, autism spectrum disorder, Lynch

[30,35,37,38,44,48,50,52,81]
[34,39,42,53,56,58,61,66,68,89,97,107,111]

syndrome, peopleliving with HIV, asthma, obstructive pulmonary disease, depression,

and kidney transplant recipient
Lifestyle: men who have sex with men

Ethnic minorities: low-income and racial minority

[33,57,78,82,83,90]
[45,62,75,76,86,88,95,102]

Cost-effectiveness, Efficacy, and Feasibility of Social
Mediain Comparison With Other Recruitment
Methods

The costs of recruitment reported in all theincluded studies are
presented in tabular form (Tables 3 and 4) to hel p ascertain how
money was dispensed, aswell as the cost-effectiveness of each
recruitment strategy. However, it was noted that although some
researchers included personnel costs, advertising costs, and
other recruitment costs in the total cost, other researchers did
not include these costs. Hence, researchers should use only this
information asaguide. Few studies specifically compared social
media effectiveness to other platforms with the goal of
establishing cost-effectiveness, efficacy, and feasibility. In this
review, 7% (7/96) of the included studies aimed to determine
the effectiveness of socia media compared with other

https://www.jmir.org/2022/8/e38015

recruitment strategies [39,51,52,58,70,74,106], and 9% (9/96)
of studiesthat did not compare social media platformswith any
other strategy [30,38,41,46,63,72,73,93,111] found social media
as an effective recruitment strategy in both instances.

Few studies did not conclusively find socia media to be
cost-effective or efficient. The findings reported by these
researchers differ because of the different populations targeted,
scale of recruitment, and whether the research was funded. In
their funded study, Moreno et a [18] found that in-person
strategies yielded more participants in a geographic area at a
lower cost than social media, and the cost per enrollee by social
media was higher than that of traditional methods. In addition,
Frandsen et a [48] suggested that Facebook was cost-effective
in obtaining eligible participants at the initial stage of the
recruitment process. The mailing of letters was cost-effective
compared with Facebook, according to Waltman et al [106].

JMed Internet Res 2022 | vol. 24 | iss. 8 |€38015 | p.42
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Darko et al
Table 3. Cost of social mediarecruitment methods.
Study and social media Cost per person Total cost
Ahmed et al [39]
Facebook UsS$8.73 US $2950
Wilkerson et al [82]
Social media advertisements, posts, and email blasts US $40.44 US$3033.11
Social media posts and website banner advertisements US $15.86 US $1380
Social media posts and film festival entrance wavier us$2.78 US $6297.66
Gioiaet al [52]
Craigdlist US $1.46 us $275
Musiat et al [64]
Facebook Aus $105.77 (US $73.07) _a
Twitter Aus $422.03 (US $292.08) —
YouTube Aus $81.31 (US $56.27) —
Frandsen et al [50]
Facebook Aus $42.34 (US $29.30) Aus $5842.30 (US $4043.35)
Byaruhanga et al [35]
Facebook Aus $61.68 (US $42.69) Aus $33,738.52 (US $23349.83)
Twitter Aus $61.52 (US $42.58) Aus $61.52 (US $42.58)
Harriset al [55]
Facebook — Aus $28,571.54 (US $19,773.86)
Moreno et al [18]
Social media (Facebook, Twitter, and blogs) US $40.99 —
Wilkerson et al [83]
Facebook and Twitter — Free
Guthrieet al [54]
Facebook — US $14,825
Waltman et al [106]
Facebook US $119.38 US $5252.83
Watson et al [81]
Facebook US $40.51 (randomized) US $49,791.49
Derrick et al [44]
Facebook US $498 per couple US $10,966
Facebook US $181 per couple US $4145
Carter-Harriset al [117]
Facebook — US $500
Joneset al [95]
Facebook US $66.46 (randomized) —
Frandsen et al [48]
Facebook Aus $56.34 (US $38.99) Aus $5183.33 (US $3587.29)
Juraschek et al [58]
Facebook US $794 US $5704
Facebook US $1426 US $2383
lott et al [57]
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Study and social media Cost per person Total cost
Grindr US $87.35 US $1747.40
Scruff US $69.30 US $207.90
Facebook US $149.90 US $170.69
Facebook groups — US $10.40
van Gelder et al [77]
Facebook £€10.88 (US $11.13) £€315.52 (US $322.89)
Facebook £€9.48 (US $9.70) €284.48 (US $291.13)
Alley et al [70]
Untargeted Facebook Aus $68 (US $47.06) Aus $1438 (US $995.21)
Targeted Facebook Aus $42 (US $29.07) Aus $7721(US $5343.57)
Gilligan et al [51]
Facebook Aus $5.94 (US $4.11) Aus $1107 (US $766.14)
Barney et al b [84]
Facebook and Instagram Us$42.21 US $21,867
M oseson et al® [85]
Facebook US $49.48 —
Reddit US $182.78 —
Salvy et al® [20]
Facebook US $334 US $9020
Stuart and Moore” [96]
Facebook US$1.78 US $952.81
Cho et al® [97]
Facebook — US $120,000
Facebook — UsS $215
Spahrkas et al® [89]
Facebook £€22.42 (US $22.94) €17,000 (US $17,397.12)
ot available.

bRecords from the updated search.
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Table4. Cost of other recruitment methods.
Studies and other strategies Cost per person Total cost
Ahmed et al [39]
Radio _a US $12,030
Wilkerson et al [82]
Website banner advertisements US $172.50 US $1380
Gioiaet al [52]
Print newspaper US $116.88 US $33,311
Musiat et al [64]
Recruitment agency Aus $100 (US $69.21) —
Google advertisements Aus $195.83 (US $135.53) —
Frandsen et al [50]
Newspaper advertisements Aus $21.52 (US $14.89) Aus $2065.46 (US $1429.47)
Byaruhanga et al [35]
Gumtree Aus $7.29 (US $5.05) AUus $36.43 (US $25.21)
Web promotions and internet searches Aus $43.76 (US $30.29) Aus $437.56 (US $302.83)
Emails Aus $128.67 (US $89.05) Aus $2315.98 (US $1602.85)
Newspaper Aus $50.28 (US $34.80) Aus $2363.38 (US $1635.65)
Radio (interviews) Aus $102.78 (US $71.13) Aus $205.55 (US $142.26)
Magazine Aus $85.41 (US $59.11) Aus $170.81 (US $118.21)
Posters Aus $566.65 (US $392.17) Aus $566.65 (US $392.17)
Flyers Aus $2546.29 (US $1762.24) Aus $2546.29 (US $1762.24)
Telephone Aus $3990.84 (US $2761.99) Aus $3990.84 (US $2761.99)
Harriset al [55]
Access to organizational websites — Aus $5890 (US $4067.96)
Posters — Aus $195 (US $134.96)
Face-to-face events — Aus $43,000 (US $29,698.17)
Conference promotion — Aus $44,040 (US $30,416.45)
Moreno et al [18]
In person US $19.09 —
Wilkerson et al [83]
Mobile banner advertisements US $375 US $3000
Browser banner advertisements US $187.50 US $1500
Guthrieet al [54]
Mailings US $356 per randomized participant  US $98,682
Waltman et al [106]
Provider letter US $29.36 US $1703
Postcards US $926.96 US $43,567.49
Newspaper advertisements and television interviews US $330.12 US $1650.63
Watson et al [81]
Press releases — US $1995
Mailed letters — US $4054
Google advertisements US $34.71 (randomized) US $3506
Web-based survey company — US $7644
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Studies and other strategies Cost per person Total cost
Derrick et al [44]
Targeted mailing US $303 per couple US $3635
Carter-Harriset al [117]
Newspaper advertisements — uUs$1224
Joneset al [95]
On ground US $149.62 (randomized) —
Frandsen et al [48]
Newspaper advertisements Aus $52.33 (US $36.22) Aus $4343.10 (US $3005.78)
Juraschek et al [58]
Mailed brochure US $799 US $51,950
Periodicals US $437 US $10,906
lott et al [57]
Email groups US $10.40 US $62.37
Personal networking US $10.40 US $20.79
Unified staff US $30.32 US $727.65
Bar outreach US $1621.62 US $1621.62
Flyer per palm card US $83.20 US $416
Publishing article in newsletter — US $20.79
van Gelder et al [77]
Google AdWords €54.28 (US $55.52) €325.66 (US $333.12)
Care providers — —
Alley et al [70]
Google AdWords Aus $495 (US $342.58) Aus $495 (US $342.58)
Posters Aus $52 (US $35.99) Aus $574 (US $397.26)
Health care leaflets Aus $66 (US $45.68) Aus $990 (US $685.16)
Letterbox drop Aus $135 (US $93.43) Aus $2425 (US $1678.30)
Newspaper advertisement Aus $145 (US $100.35) Aus $726 (US $502.45)
Community calendar Aus $12 (US $8.30) Aus $70 (US $48.45)
Newspaper article Aus $3 (US $2.08) Aus $53 (US $36.68)
Gilligan et al [51]
Social networks, flyers, websites, posters, recruitment cards, email, Aus $58.70 (US $40.63) Aus $4349 (US $3009.87
and media coverage
Barney et al® [84]
Clinic-based and in person US $865.93 US $102,180
M oseson et al® [85]
Google advertisements US $265.93 —
Salvy et al® [20]
Targeted mailings us $217 US $2387
I n-person recruitment US $290 US $11,328
Stuart and Moor€” [96]
Association journal US $375.00 —

Cho et al® [97]
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Studies and other strategies Cost per person Total cost
Personal outreach — —
Public outreach — US $1686.04

Spahrkaset al® [89]

3ot available.
bRecords from the updated search.

Best Practices and Strategies Used to Enhance Social
M edia Recruitment

Diverse advertisement strategies are adopted by researchers
when recruiting research participants through socia media
platforms. Each socia media platform advertisement differsin
specification, advertisement content, word count, and design
language [47]. In the included studies, researchers identified
and used one or multiple paid, targeted advertisement campaigns
with different themes to reach potential participants on various
platformswithin aspecific advertisement duration. Some models
of advertisement included the use of paid targeted advertisement
[18,30,31, 37,39-44, 46-52,54, 58-60,63, 65,69-75, 77,78,80,
81,91,93, 95,102,109, 113,114,117,119,120]. In addition, some
researchers used untargeted advertisements [38,62,111],
untargeted but paid advertisements [45,74], “boosted” posts
[94,106], posts[34,61,76,90,105,110,115], both advertisements
and posts [55,57,64,68], tweets [79,104,108], targeted
advertisements and posts[36], advertisements[56], blasts[33],
paid and unpaid social mediachannels[32,35], and messengers
[92] to strategically advertise and recruit their potential
participants.

Another identified strategy was the use of cost-related model
strategies to determine the cost of the advertisements.
Researchers who are engaged with any social media platform
to advertise and recruit participants are billed by cost per click,
cost per thousand impressions, cost per view, or cost per action
or per conversion [125]. With the cost per click model,
researchers are billed when a potential participant clicks on the
advertisement. This approach was one of the most preferred
models for researchers in the included studies used for
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advertising. The cost per click model budget is set at a daily,
weekly, or lifetime spending limit depending on the researcher’s
choice [18,30,33,38, 40,41,46, 47,48,51, 54,55,59, 60,64,69,
71,73,74, 75,77,80, 93,102, 111,126,129].

Researchers al so noted considerationsrelated to the display and
design of an advertisement for a desktop application, which
differed from that of a mobile app, and this affected how
participants viewed and reacted to the recruitment adverti sement.
Thedisplayed advertisementstargeted either the user’s browser
or the newsfeed [91,117]. For Facebook, the advertisement is
displayed on the user’s web browser [58] or on the right-side
panel of the Facebook newsfeed or placed directly in the
newsfeed [47,55,65]. For Instagram, images are displayed in a
linear format. Snapchat images are displayed using the story
feature [47], and on Grindr, advertisements are displayed as
pop-ups [57]. Therefore, cost is an influencing factor that
determines the placement of the advertisement and the social
media application of choice, thereby influencing the decisions
that researchers make regarding recruitment.

Someresearchersidentified ethical challengesinherent to social
media recruitment, such as privacy, confidentiality, and
informed consent, and provided strategies to minimize the
challenges for the researcher and the potential participant. The
strategies offered and reported in the included studiesincluded
the use of a study-specific page for recruitment
[2,51,76,78,82,91,94,107,112,113] and the use of securelanding
sites or study webpages for data collection
[35,43,48,50,58,75,106,118]. In addition to the strategies
proposed by health researchers, there were 4 reports identified
in the included studies that outlined guidelines and
recommendations for social media recruitment (Table 5).
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Table 5. Recommendations for best practices on social media recruitment.
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Study Study purpose or aim Key findings Recommendation
Curtis[118] (the  Tooutline ethical challenges  Socia media platforms are challenged with  Recruiting participants through secure landing
United States) associated with social media  issues of confidentiality, informed consent,  sites; researchers regularly reviewing social

recruitment

To examine and describe the
challenges of the Facebook re-
cruitment method and provide
recommendations

Kamp et a [122]
(the United States)

Gelinas et a [26]
(United States)

To examine the norms govern-
ing social media recruitment
and analyzethe ethics of recruit-
ing, and theimplication of web-
based communication

Bender et a [121] To develop aframework on

and privacy issues.

The Facebook platform presents an inherent
challenge with privacy, data security, and re-
cruiting participants.

The foundational norms in research ethics
include respect for persons, beneficence, and
justice; however, in social media, the key
norms governing social media recruitment
include respect for privacy and researcher’s
transparency. Thelack of regulatory guidance
on ethicsin social media recruitment poses
arisk for ethical issues.

The Privacy by Design framework evaluates

media websites for regular updates; verifying
participants’ age through cross-checking with
other information may provide solutions to the
challenges; setting web-based quizzes to test
participant competency; and providing asumma-
ry of the research study viaemail

Researchers can implement amultifactor authen-
tication processto access research dataand reg-
ularly review the privacy settings and policies
on social mediasites

Theauthors proposed achecklist that researchers
can use in socia media recruitment

Adhering to the Privacy by Design framework,

(Canada) ethics and privacy for social the privacy strengths, thereby providing pri-  which provides privacy-enhancing measures
media and internet recruitment  vacy protection in web-based recruitment.  such as developing privacy notices, disabling
comment features, or monitoring commentsand
removing identifiable information before it be-
comes public
Discussion used a smaller number of studiesto draw this conclusion, their

Principal Findings

Although weintentionally excluded 13 reviewsfrom this study,
7 (54%) of them are discussed here against the findings of our
review. The results from our review show an increased interest
in using social media for research recruitment by researchers
from different health disciplinesin which social mediastrategies
have fulfilled researchers’ recruitment needs. Considering the
wide range of publications, the scope of this literature review,
and the social media applications examined in this review, it
can be concluded that the use of social mediaison therise, as
evidenced by the increase in the number of publicationsin the
past few years. The different research methodsidentified in the
included studies suggest increased use of social media for a
variety of research methods. Notably, a few of the included
studies recruited participants for clinical studies, with most
recruiting participantsfor cross-sectional studies. Despite social
media’s reach within a broad geographic location, health
researchers are till challenged with participant recruitment for
clinical trials. This suggeststhat social mediamay be best suited
for recruiting participants for noninterventional studies.
Researchers recruiting for clinical trials may have to diversify
their recruitment strategiesto reach their recruitment goal s until
acomprehensive strategy to navigate social mediaplatformsis
established. This finding is similar to that of the review by
Topolovec-Vranic and Natarajan [127], which found that only
a few studies used social media to recruit participants for
interventional studies as opposed to observational studies.
Although the Topolovec-Vranic and Natargjan review [127]
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findings are still significant, considering this review.

Researchersfrom different health disciplines, including nursing,
medicine, public health, mental health, and pharmacy, have
used social media for recruitment and have published their
findings in a variety of journals. Some of these journas are
discipline specific or interdisciplinary. This suggests different
avenuesfor health researchersto publish their work. Withinthe
nursing discipline, nurses are increasingly using social media
for the recruitment of research studies, as published in multiple
nursing and nonnursing journals. However, there are
opportunities to continue promoting the use of social media
among nurses for research and educational purposes.

On the basis of this review, researchers used different socia
media applications to advertise and recruit potential research
participants. The preferred social media applications were
Facebook, Instagram, Snapchat, Linkedin, Twitter, Grindr,
Reddit, Tumblr, WhatsApp, Craigdlist, YouTube, and blogs to
be used either solely to recruit or in conjunction with other
recruitment strategies to achieve recruitment and study goals.
Owing to its popularity among users and global penetration,
Facebook was the most widely used application among
researchers. Different social media applications enabled
researchers to recruit participants with different demographics
and characteristics. For instance, Facebook was used to recruit
younger participants [77,113] and older individuas [67],
whereas other researchers recruited young people through
Tumblr [61]. Thisfinding issimilar to that of Arigo et a [128],
who identified web-based platforms such as social networking
sites (Facebook, Twitter, Instagram, Tumblr, and LinkedIn) as
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some of the common platforms that health researchers use to
recruit research participants, including a diverse popul ation for
their research studies. In addition, researchers used multiple
approaches and strategies to recruit participants. An
approximately equal number of participants were recruited
through social media alone or social mediain conjunction with
other strategies. This finding agrees with the general literature
ontheincreasing acceptance of digital platformsfor recruitment
and with some health researchers using social media and
traditional methods [129] for recruitment. In addition to the
findingsin this review, reviews conducted by some researchers
[15,127,130-134], athough focusing on only one social media
application or using the term “social networking sites’ broadly
in their research, exclusively and comprehensively reported on
a wide range of different social media applications used in
research recruitment.

Thedifferent social mediaplatforms used to target the different
groups of populations such as the general population,
hard-to-reach populations, and specialized populations,
depended on the research aim. The hard-to-reach populations
included people with addictions, sensitive health issues, ethnic
groups, and poor and stigmatized populations [135]. Social
media was found to be effective in reaching and recruiting
hard-to-reach potential participants who were otherwise
unreceptive to traditional recruitment methods because of their
conditions and representations within their communities and
society [50]. Researchers must weigh all available options to
determine the best approach to proceed when recruiting from
these popul ations.

The age group distribution of the research participantsincluded
in this review spanned different age categories. As shown in
Table 1, the most targeted population from an age perspective
was young adults. According to Kemp [10], the engagement of
social mediaplatformsamong youth stands at 58% between the
ages of 16 and 24 years. Thisis not surprising because of the
acceptability of social media among youth who are considered
technology savvy and their tendency to use socia media
regularly. As such, targeting such an age group for research
studies can lead to increased participation. An observation of
interest in this review is the low involvement of children and
adolescents aged <18 years and older adults. Only 2% (2/96)
of studies [18,120] involved adolescents between the ages of
13 and 14 years. Asresearchersrequire parental consent among
the children and the adol escent group, research studiesinvolving
these groups are relatively limited. This finding is similar to
that of Amon et al [130], who suggested that instead of focusing
on adolescents who require parental consent, targeting parents
or guardians of the intended group could help waive parental
consent.

For older adults, the usahility of social media platforms presents
a challenge, such as platform design and content, as these
platforms aretailored to theinterests of the younger population
[136]. Owing to the complex design, nature, and privacy-rel ated
concerns associated with social media platforms, older adults
are more comfortable and familiar with traditional forms of
recruitment than social-mediated platforms[137]. Other barriers
encountered by older adultsincludeintrapersonal, interpersonal ,
functional, and structural elements that hinder the use of social
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media platforms [138]. Although socia media presents a
challenge for recruitment in the older population, researchers
can continue to exploretraditional methodsin such populations
to offer an equal chance of participation in research studies. The
trade-off between using traditional methods and social media
for recruiting research participants is a complicated issue,
requiring health researchers to weigh options and the benefits
and risks to the participant and the research study, as well as
more creative ways of engaging low participating groups.

There is a debate on the cost-effectiveness of social mediain
the literature. Some studies found the social media method to
be cost-effective, whereas other studies disagree with this
assertion [18,58]. In this review, the cost of other recruitment
strategies compared with social media recruitment strategies
was presented as part of this review to assist researchers in
making an informed decision (Tables 3 and 4). In addition, in
this review, the factors that influenced the cost associated with
recruitment varied from one study to the next. Some researchers
reported advertising, recruitment, and other administrative costs
asthetotal cost, whereas others reported only aspects of social
media advertisement and recruitment as the total cost. Owing
to the inconsistency in cost reporting, having a standardized
cost reporting system to maintain consistency would help to
effectively determine whether social media recruitment is
cost-effective. On the basis of the analysis of the
cost-effectiveness of both social media and other recruitment
strategies, this review found that social media was viewed by
researchers as a cost-effective strategy. Although 28% (27/96)
of studiesin this review reported on the cost of social media
compared with other recruitment methods, not all researchers
found social media as a cost-effective method. Nonetheless,
given that alarge proportion of these studiesfound social media
to be cost-effective, this review supports this conclusion.
Compared with the previously published reviews by Reagan et
al [15] and Topolovec-Vranic and Natarajan [127], this review
provides additional insights and includes a broader range of
studies. Thisreview captured additional literature not included
in the review by Reagan et a [15], which relied only on 18
articles, of which only 10 articlesreported on cost. Inthereview
by Topolovec-Vranic and Natargjan [127], the authorsincluded
30 studies, of which 5 reported on cost-effectiveness, and 7 did
not find social mediato be a cost-effective method. The findings
also revealed that the cost of recruitment for hard-to-reach
populations differs from that for the general population.
Jurascheck et al [58] found that recruiting through Facebook
advertisementsfor the African American population was costly;
however, advertisements were effective in directing eligible
participantsto the website. Hence, researchers hoping to recruit
research participants through social media must consider these
factors to make decisive choices on the most suitable method
for recruitment.

Best Practicesfor the Use of Social Mediain
Recruitment of Research Participants

Researchers are increasingly tapping into the available
opportunities to use social media platforms for their research
studies. However, thereisaneed for best practicesto guide this
process. To adequately explore and navigate socia media
platforms successfully for recruitment, adhering to best
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practices, including those of ethical considerations (informed
consent, privacy, confidentiality, and transparency) that protect
the researcher and participants, is of utmost importance
[26,118,122]. In the review by Amon et a [130], the authors
found that participants recruited on web-based platforms were
subjected to the same ethical standards as though they were
responding to atraditional recruitment method. In that regard,
Gelinaset a [26] were of the view that REBs should standardize
social media techniques by clarifying their similarity to
traditional recruitment. Furthermore, the findings from the
review also establish the need to take additional stepsto make
available informed consent through other means, where the
potential participants are well informed with detailed
information about the research study before participation. To
curb and curtail the complexities and complicated nature of
informed consent, the findings from this review support the
recommendations suggested by Herbell and Zauszniewski [94]
and Stokes et a [105] in their studies to make an information
sheet in a downloadable version available for participants and
send web-based consent forms to potential participants after
meeting the eligibility criteria. To maintain the confidentiality
of both researchers and participants, Shaver et al [ 71] suggested
using anonymous surveys and directing interested participants
through a survey link to alanding page for study information.
Researchersare discouraged from directly recruiting participants
on social media platforms but instead using the social media
platform to advertise, as the confidentiality and privacy of
participants’ data cannot be guaranteed. To further ensure the
provision of privacy, Bender et al [121] used privacy-enhancing
measures aligned with the principles of Privacy by Design by
disabling the comment feature, developing privacy notices for
social mediacampaigns, sending disclaimers about the privacy
risks of social mediapages, and building privacy protectioninto
therecruitment strategy. Although the tenets of the foundational
principles were incorporated to avoid privacy-related issues,
Bender et a [121] were of the view that the principles of
transparency and user-centric options of Privacy by Design
provide inadequate guidance on how to design privacy notices
using these key principles.

In addition, some factors were identified to influence
advertisements, such as advertisement targets, crafting of
multiple advertisement campaigns with different wordings and
themes, rotating and alternating adverti sements, payment model,
duration of the advertisement, and location of the advertisement
on the social media platform. To favorably achieve the results
of recruiting an increasing number of participantsfor research,
researchers advertising on social mediamust strategically reach
out to their participants. On the basis of the findings of this
review, using an appealing image and simple and consistent
language through both the text caption and image [69] influences
and attracts participants to the study. Some social media
platforms’ advertising policies provide detail s on adverti sement
content, including the choice of words and counts and the
duration of an advertisement on their platforms. The
advertisement policies differ from platform to platform.
Researchers must research any platform they wish to engage
in, understand the policies, and adhere to them. In addition,
working with REBs on socia recruitment messages and
strategies hel ps avoid ineffective strategies and enhance ethical
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conduct. Incorporating prescreening questions before allowing
participants to enter details for study participation reduces the
rate of ineligible participants and maximizes the reach and
sample representativeness. Researchers can use these
applications simultaneously because of the feasibility of
incorporating social media platforms such as Instagram,
Snapchat, and Facebook into a study without difficulty [47].

Implications

The findings from the review show the increasing accessibility
and multifunctionality of social media platforms that could be
leveraged to further support health science research. Infact, one
of the benefits of social media for conducting research
recruitment has been amplified during the COV1D-19 pandemic
because of the limitations to in-person recruitment, thus
sustaining the continuity of research.

Generally, social mediaplatforms provide avenuesfor apractical
approach to reaching diverse, extensive, and targeted audiences
[139] or populations, particularly those that are hard to reach.
Further research may be needed to understand the barriers to
and facilitators of older adults' engagement with social media
platform recruitment.

Although different approaches to recruitment, advertisement,
cost determination, and efficiency reporting can challenge
novice researchers planning to use social media, there are ways
of mitigating some of these challenges. For example, with the
availability of funds and resources, researchers can benefit from
hiring specialized companiesor third-party service organizations
to assist with the marketing and development of social media
recruitment strategies and other innovative recruitment
approaches targeting potential research participants. It is aso
recommended that these strategi es be discussed and coordinated
with the researcher’s academic institution’s REB to ensure no
risks to participants.

The lack of explicit regulations by REBs to guide researchers
continues to prevent the full exploration of socia media
platforms to support health science research. As such,
stakeholders and collaborative efforts from research-based
organizations, academia, researchers, think tanks, and student
groups must partner to develop guidelines that reflect the use
of social media in research studies. The different guidelines
developed and published by researchers and academic
institutions can provide a context for what is available.
Therefore, based on our review, we propose a tentative
description or guideline to guide researchers based on what we
have synthesized from the literature included in this review
(Multimedia Appendix 6). Ultimately, this guide could serve
as a starting point to inform stakeholders in the devel opment
of a standardized protocol to guide health science researchers
in the use of various sociad media platforms for research
participant recruitment.

Finally, there are opportunities to advance health science
education regarding social media use in general and its use for
the recruitment of research participants. As students become
technologically savvy, incorporating social media into their
learning process will allow them to effectively engage with the
platform. Schools can also provide guidelines on social media
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platforms on their websites to enhance learning about their
applicationsin research processes. |n addition, teaching students
about best practices that support professional social media use
and including social mediaapplicationsaspart of ethicstraining
programs are also recommended.

Strengths and Limitations

Thefindings of thisreview offer abroad perspective on the use
of social media platforms for participant recruitment by health
researchers. A large number of studies were included for
analysis in this review. The timelines for the included studies
span >20 yearsand provide sufficient timeto captureall studies
published during the popularity of social media. This study
comprehensively synthesized available literature from all health
science disciplines. However, the review was limited to studies
reported only in English.

Conclusions

The purpose of this integrative review was to explore the
literature on recruiting participantsfor research studiesthrough

Darko et al

social media application tools and identify best practices to
assist researchersin conducting research participant recruitment
viasocial mediatools. Thisintegrative review expanded on the
review by Reagan et a [15], which focused primarily on
Facebook, by including other social media applications used
by health researchers to recruit research participants, such as
Facebook, Craigdist, Instagram, Linkedin, Reddit, Tumblr,
Twitter, and YouTube. Overall, the findings showed that social
media is a suitable, viable, and cost-effective channel for
recruiting research participants, despite some challenges
associated with its use. Hedlth researchers are increasingly
embracing various socia media platforms in their research to
recruit participants from various age groups and diverse
backgrounds; however, thereislessuse of social mediato recruit
older adults. Adhering to best practices when targeting various
populations through social media advertisements is vitally
important to protect participants and researchers’ rights and
increase participation. REBs must proactively provide protocols
and best practice guidelines that researchers can apply during
the advertisement and recruitment of research participants.
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Abstract

Background: The adoption and use of technology have significantly changed health care delivery. Patient experience has
become a significant factor in the entire spectrum of patient-centered health care delivery. Digital health facilitates further
improvement and empowerment of patient experiences. Therefore, the design of digital health is served by insights into the
barriers to and facilitators of digital patient experience (PEX).

Objective: This study aimed to systematically review the influencing factors and design considerations of PEx in digital health
from the literature and generate design guidelines for further improvement of PEx in digital health.

Methods: We performed an umbrella systematic review following the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) methodology. We searched Scopus, PubMed, and Web of Science databases. Two rounds of small
random sampling (20%) were independently reviewed by 2 reviewers who evaluated the eligibility of the articles against the
selection criteria. Two-round interrater reliability was assessed using the Flei ss-Cohen coefficient (k1=0.88 and k2=0.80). Thematic
analysis was applied to analyze the extracted data based on a small set of apriori categories.

Results: The search yielded 173 records, of which 45 (26%) were selected for data analysis. Findings and conclusions showed
agreat diversity; most studies presented a set of themes (19/45, 42%) or descriptive information only (16/45, 36%). The digital
PEx—related influencing factors were classified into 9 categories. patient capability, patient opportunity, patient motivation,
intervention technology, intervention functionality, intervention interaction design, organizational environment, physical
environment, and socia environment. These can have three types of impacts: positive, negative, or double edged. We captured
4 design constructs (personalization, information, navigation, and visualization) and 3 design methods (human-centered or
user-centered design, co-design or participatory design, and inclusive design) as design considerations.

Conclusions: We propose the following definition for digital PEx: “Digital patient experience is the sum of all interactions
affected by apatient’s behaviora determinants, framed by digital technol ogies, and shaped by organizational culture, that influence
patient perceptions across the continuum of care channeling digital health.” In this study, we constructed a design and evaluation
framework that contains 4 phases—define design, define evaluation, design ideation, and design evaluation—and 9 design
guidelines to help digital health designers and devel opers address digital PEx throughout the entire design process. Finally, our
review suggests 6 directions for future digital PEx—related research.

(J Med Internet Res 2022;24(8):€37952) doi:10.2196/37952

KEYWORDS

digital health; eHealth; telemedicine; tel ehealth; mobile health; mHeal th; patient experience; user experience; influencing factors;
user-centered design; human-computer interaction
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Introduction

Background

Recently, there has been a significant increase in the use of
digital health technologies. In addition, many countries currently
use digital health technologies to support health care service
delivery to overcome the disruptions caused by the COVID-19
pandemic. These include web-based patient consultations and
requesting pharmacy and medication refills [1]. Digital health
offers care without the risk of exposure to the virus, especially
for vulnerable patients such as older adults and patients with
chronic diseases [2]. Before the COVID-19 pandemic, there
was increasing recognition of the potential of digital health to
improve the accessibility of health care in different clinica
settings (eg, ambulatory care, acute care, and inpatient care)
[3]. Digital health provides an opportunity to both reduce the
costs of care and improve patient affordability [4,5], and
previous research suggests that digital health has the potential
to provide hedth prevention, consultation, treatment, and
management [5-10]. With digital health solutions continuing to
grow in both number and functionality, patient interest in digital
health has rapidly increased, leading to an expanding reliance
on digital health technologies [11].

As digital health has become a more familiar term, it has
generated many definitions, and the concept has been expanded
to encompass a much broader set of scientific concepts and
technologies [12]. These include digital health applications,
ecosystems and platforms [13], patient portals [14], mobile
health apps[15], eHealth records, and appointment scheduling
applications [16]. For the purposes of this study, we will use
eHealth, mobile health, telemedicine, telehealth, virtual health,
remote health, electronic consultations, and health information
systems (HISs) as interchangeable terms for digital health.

Patient Experiencein Digital Health

Digital health has the potential to improve patients overall
health care experience [17-19]. However, there is currently no
common concept for describing patient experience (PEX) in
digital health. Neither the general PEx nor user experience (UX)
adequately reflects the experience of a patient using a digital
service. For example, in a hospital setting, the environment’s
cleanliness, background noise, and even food provision could
affect PEx [20]; however, these factors would not be expected
to influence the experience of a patient using a digital service.
Similarly, the fact that the system passes usability heuristics
does not necessarily mean that the overall experience of apatient
using digital health services is positive [21]. Therefore, it is
vital to understand the experiences of individuals using digital
health and how the design of new technologies can affect them
[17,22,23].

The concept of (nondigital) PEx has many definitionsin genera
health care practice and research. The Beryl Institute defines
PEx as*“the sum of all interactions, shaped by an organization’s
culture, that influence patient perceptions, across the continuum
of care” [24]. Other definitions and studies note that the core
elements of optimized PEx include access to appropriate care,
patients' active participation in care, a good patient-physician
relationship, reliable evidence-based care, comprehensible
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information, physical comfort, emotional support, involvement
of family and friends, individualized approaches, responsiveness
of services, and continuity of care [19,25-27]. These core
elements of PEx help to recognize patients' priorities when
receiving care and in providing patient-centered care. However,
patients priorities may differ for digital health, in which
traditional face-to-face interaction is replaced by human to
digital interface interaction. Therefore, to address patient
prioritiesin digital health, it is essentia to consider UX in the
design of digital health [28]. In this study, we define UX asa
person’s perceptions and responses that result from the use or
anticipated use of aproduct, system, or service[18,29]. Usable,
useful, findable, accessible, credible, valuable, and desirable
products are more likely to succeed in delivering a positive UX
[30]. However, the full impact of digital health technologies on
PEx or UX dtill remainsunclear [31]; some products even result
in negative effects such as increased patient anxiety [32].
Therefore, more insights into the barriers to and facilitators of
individuals' experiences with digital health are required [33].

Objectives

The objectives of this paper were to systematically review (1)
thefactorsthat influence PEx in digital health and (2) the design
considerations of PEX that arein digital health. The overall aim
was to generate a design framework and guidelines for further
improving PEx in digital health.

Methods

We performed an umbrella systematic review compiling
evidence from multiple systematic reviews [34] on PEx and
UX in digital health. This review was conducted according to
the PRISMA (Preferred Reporting Itemsfor Systematic Reviews
and Meta-Analyses) methodology, which is an evidence-based
minimum set of items for reporting in systematic reviews and
meta-analyses [35].

Digital PEx Working Definition

Throughout this study, we use theterm digital PEx asaworking
definition to describe people’s experiences in various digital
health contexts. As the study progressed, the definition
underwent several revisions, which resulted inamoreinclusive
final definition.

Search Strategy

We searched Scopus, PubMed, and Web of Science for studies
published between January 1, 2000, and December 16, 2020.
The search timewindow was limited to 2000 astheterm digital
health was first introduced by Frank [36] in 2000. To be
inclusive, we used broad interchangeable search terms with
varying combinations of digital health, PEx, and UX:

1. Category 1. “patient experience” OR “health experience”
OR “user experience’” OR “ customer experience’ OR “client
experience”

2. Category 2: “ehedth” OR “e-hedth” OR “mheath” OR
“m-health” OR “telehealth” OR “tele-health” OR “digital
health” OR “virtua hedth” OR “remote health” OR
“telemedicine’ OR “telemonitoring” OR “tel econsultation”
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3. Category 3: “patient digital experience” OR *“patient
experiencein digital health” OR “e-patient experience’” OR
“epatient experience” OR “online patient experience’

After combining categories 1, 2, and 3, limitswere set to restrict
studies to English-language literature reviews published in
journals after 2000. The final search strategy was ([category 1
AND category 2] OR category 3) AND (DOCTY PE [review])
AND (PUBYEAR>2000) AND (LIMIT-TO [SRCTYPE,
“journal”]) AND (LIMIT-TO [LANGUAGE, “English]).
Google Scholar was used as an additional database to manually
search for additional rel ated references based on the snowballing
method during the review process.

Selection Criteria

Eligibility criteriawere developed for title and abstract screening
and refined for full-text screening. The following inclusion
criteriawere proposed by TW and GG and adjusted by MM and
RG:

1. No duplicated articles

Full text available

English language

Only completed peer-reviewed journal articles

Only review articles

Related to digita hedth (ie, use of information and
communication technology in health) and PEXx, UX, or
health care experience

o A WD

Screening Process

The collected articleswereincluded in thefinal analysisif they
met all the inclusion criteria after a 2-stage screening process:
first, atitle and abstract review, followed by afull-text review.
In the screening process, 2-round, small random samples (20%)
wereindependently reviewed by 2 reviewers (TW and GG) who
evaluated the eigibility of the articles against the selection
criteria. The interrater reliability and clarity of the selection
criteria were assessed using the Fleiss-Cohen coefficient until
it reached the required strength (=0.60). Uncertainties around
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paper inclusion and exclusion were resolved by discussions
with theresearch team (TW, GG, MM, and RG) when necessary.

Data Extraction and Thematic Analysis

Articles meeting the digibility criteria were imported into
ATLASLi (Scientific Software Development GmbH; version
9.0.7; 1857) for data extraction. Data were extracted for the
following aspects: (1) study characteristics, including authors,
year of publication, research aims, review methods, target users,
and digital hedlth intervention (DHI) characteristics; (2) the
overall impression of digital PEx (eg, the foci or types of
findingsregarding digital PEX); (3) influencing factors of digital
PEX; and (4) design considerations for improving digital PEX.

We used the Braun and Clarke 6-phase thematic analysis method
[37] to analyze the extracted data; these include (1)
familiarization with the data, (2) generation of initial codes, (3)
searching for themes among codes, (4) reviewing themes, (5)
defining and naming themes, and (6) producing the final report
(analytical themes). A total of 4 researchers participated in the
review process. After data familiarization, a set of a priori
categories was defined by TW and refined by all the coauthors
(Table 1). The coding was based on the Performance of Routine
Information System Management (PRISM) framework [38],
which states that routine HIS performance is affected by the
system’'s inputs (ie, technical, behaviora [39], and
organizational determinants) and progress. Please note that other
elements of the framework (outputs, outcomes, and impact) are
discussed in another study addressing the evaluation of digital
PEXx (work in progress).

Group discussions among the authors were used to reach an
agreement on the produced a priori categories. TW quoted the
relevant dataacrosstheincluded reviews, generated initial codes
based onapriori categories, and then searched for themesamong
codes. Fregquently used termsin theincluded reviewswere used
as inspiration to generate subsequent codes and themes. The
latter process was independently and randomly validated by
GG, MM, and RG.
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Table 1. A priori categories of influencing factors of digital patient experience based on the Performance of Routine Information System Management

framework [38].

Determinantsand apriori cate-  Description
gories

Behavioral determinants
Patient capability
Patient opportunity

Patient motivation

Theindividual’s psychologica and physical capacity to engage in the concerned digital health activity
Theindividua’sinternal conditions that enable or disrupt patients to engage in digital health

The reflective and automatic brain processes that energize and direct patients' goal setting and decision-making

and their behaviors regarding using digital health

Technical determinants

I ntervention technology

The integration of telecommunications and computers, as well as necessary enterprise software, middleware, and

storage and audiovisual software, which enables usersto access, store, transmit, understand, and manipulate health

information
Intervention functionality

Intervention interaction de-
sign

Organizational determinants

Organizational environment
or community

Physical environment
digital health

Socia environment

The ability of digital health to work as expected to help users meet their health goals and needs

The process of moving digital health from its existing state to a preferred state to optimize interactions between
patients and digital health interventions

The management of the health service system, as affected by the rules, values, and practices of the involved people
The tangible surroundings (such as space, light, or sound) around patients, which affects their interactions with

The cultural environment (such as policy, business, or customs) that affect patients’ interactionswith digital health

Results

Overview

Figure 1 shows the flow diagram of the systematic search. A
total of 173 records were generated after the computer search;

58 (33.5%) duplicateswere removed, and thetitles and abstracts
of 115 (66.5%) articles were reviewed. Subsequently, 53.9%
(62/115) of full-text articles (including 4 additional records
collected through snowballing) were reviewed for inclusion.
Ultimately, 45 studies were included in the review for data
extraction.

Figure 1. Study flow diagram. ICT: information and communications technol ogy.
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Study Char acteristics
Embase, MEDLINE, PubMed, PsycINFO, CINAHL, and the
Cochrane Library were the most common databases for the
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included reviews. Of these, 62% (28/45) were systematic review
articles. The remainder included scoping reviews (6/45, 13%),
literature reviews (3/45, 7%), integrative reviews (3/45, 7%),
narrative reviews (2/45, 4%), comprehensive overviews (1/45,
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2%), review of systematic reviews (1/45, 2%), and umbrella
reviews (1/45, 2%). More than half of the included reviews
(24/45, 53%) conducted quality assessments. The reviews
included >1400 studies, which mainly or partialy reported
qualitative and quantitative analyses of PEXx in digital health.
Thedataanalysis methods varied and included thematic analysis
(8/45, 18%), meta-synthesis (5/45, 11%), meta-ethnography
synthesis (2/45, 4%), taxonomy (1/45, 2%), hermeneutic
synthesis (1/45, 2%), qualitative evidence synthesis (1/45, 2%),
and state-of-the-art survey analysis (1/45, 2%).

Among the included reviews, some focused on specific
populations, such as children (3/45, 7%), college students (1/45,
2%), younger people (1/45, 2%), adults (7/45, 16%), or older
adults (4/45, 9%). Others either focused on the general
population or did not mention the target population. The most
common health issues acrosstheincluded articleswere chronic
diseases (17/45, 38%), including chronic obstructive pulmonary
disease, heart failure, cardiovascular disease, cancer, diabetes,
and hypertension. Mental health problems (7/45, 16%),
including depression, anxiety, psychological well-being,
psychotic disorders, and schizophrenia, were the second most
common health issues. The remainder either focused on other
issues (8/45, 18%), including audiology, asthma, reproductive
health, maternal health, newborn health, child health, adolescent
health, surgery, postpartum, somatic diseases, or palliative care,
or did not mention any specific health issues (14/45, 31%).
Some papers (8/45, 18%) also provided multistakeholder
perspectives, including health care professionas, providers,
surgeons, clinicians, staff and organizations, implementers (such
as health policy makers, clinicians, and researchers), and the
participation of information technology.

The degree of detail provided about the interventions varied
gresatly acrossthe studies. Phone-based apps, websites, handheld
sensing devices, and ambient assisted living health care systems
were common digital health deliveries. Interaction techniques
included synchronous, asynchronous, and hybrid models.
Diverseintervention platforms, systems, or functionswere used
to deliver various health care services, including supporting
disease management (14/45, 31%); patient-to-physician
communication or consultation (9/45, 20%); symptom
monitoring (9/45, 20%); information transmission (4/45, 9%);
health promotion activities (3/45, 7%); screening, diagnosis, or
self-assessment (2/45, 4%); behavior changes (2/45, 4%);
self-education (1/45, 2%); and decision-making (1/45, 2%).
Multimedia Appendix 1 [28,40-83] provides detailed
information regarding the characteristics of theincluded studies.

Overall Impression of Digital PEx

Our study revealed great diversity in the perspectives and
definitions describing patients’ experiences and characteristics
when using digital health, presenting a variety of influencing
factors and design considerationsfor digital PEx. Theincluded
studies showed different foci regarding digital PEX, including
influencing factors (21/45, 47%) [28,40-59], digita health
performance (19/45, 42%) [40-43,46,48,49,56,57,59-68], patient
perceptions (9/45, 20%) [28,45,47,49,69-73], evauation
methods of digital heath or digital PEx (8/45, 18%)
[43,64,74-79], and design considerations (9/45, 20%)
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[48-50,53,54,59,80-82]. Thefindings and conclusions of the 45
reviews showed a great diversity. Most studies presented a set
of themes (19745, 42 %)
[28,44,45,48,49,51,54-57,59,62,69-73,76,79] or descriptions
only (16/45, 36%) [40-42,46,47,58,60,61,63-67,74,75,83]. Other
studies concluded with atheory-based description (5/45, 11%)
[52,68,77,78,80], framework (4/45, 9%) [28,49,50,82], model
(2/45, 4%) [53,69], method (2/45, 4%) [43,81], or checklist
(1/45, 2%) [59]. Only a few studies transformed findings into
design considerations (9/45, 20%) or visualized or structured
their results into frameworks, models, checklists, or methods
(9/45, 20%). Limited information was found on participant
dropout reasons during the interventions
[28,41,43,51,53,63,69,71]. The overal impression of the
researcherson the DHIswas positive. In 51% (23/45) of reviews
[41-44,48,49,52-54,57,59,61-63,65-69,72,73,77,80], the DHIs
either showed promising results or at least results comparable
with face-to-face health care services. Only 4% (2/45) of reviews
[47,60] reported concrete evidence of the negative impact of
current DHIs on digital PEx. In general, digital PEx was
addressed because of theinteractions between the DHIsand the
patientsinvolved and how the service was organized and carried
out.

Influencing Factor s of Digital PEx

An influencing factor is an aspect of the existing situation that
influences other aspects of the situation, and it isformulated as
an attribute of an element that is considered relevant and can
be observed, measured, or assessed [84]. In this study,
influencing factorsrefer to specific factorsthat lead to apositive
or negative experience (digital PEx). Some factors have either
positive or negative consistent and concrete impacts, whereas
others have double-edged impacts; that is, impacts that are
different per individual or change over time. Among the
included papers, a common understanding of the potential
influencing factors was captured from 3 aspects—behavioral,
technical, and organizational determinants—following the
categorization of the PRISM framework. These determinants
were each classified into 3 categories, resulting in nine
categories. patient capability, patient opportunity, patient
motivation, intervention technology, intervention functionality,
intervention interaction design, organizational environment,
physical environment, and social environment. Multimedia
Appendix 2 [28,40-83] presents an overview of the themes
identified for each category, the influencing factors per theme
(positive, negative, and double-edged), and references. Most
factors appear to be related to technical determinants, followed
by behavioral and organizational determinants. For technical
determinants, we summarized 3 categories with 13 themes,
containing 58 positive, 35 negative, and 13 double-edged factors.
For example, DHIswith multiple behavioral changetechniques
appeared to be more effective [42,56,80] and reported higher
patient satisfaction [54,57]. Behavioral determinants included
3 categories with 9 themes containing 11 positive, 21 negative,
and 5 double-edged factors. For instance, some studies
mentioned a lack of confidence in patients' own ability to use
the technology [43,45,47,48,71,81], leading to anegative digital
PEx. Organizational determinants were classified into 3
categorieswith 5 themes, including 13 positive and 23 negative

JMed Internet Res 2022 | vol. 24 | iss. 8 |e37952 | p.63
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

factors. For example, unrealistic financial reimbursement and
higher costsrelated to the internet or equipment were practical
challenges of using digital health [47,48,51,55,56]. For the
behavioral and organizational determinants, we collected more
negative factors than positive factors. Thisisin contrast to the
technical determinants, in which more positive factors were
identified. Double-edged factors were less than both positive
and negative factors for al the 3 determinants. Multimedia
Appendix 3 [28,40-61,63-67,69-73,75-78,80-83] provides
detailed information and examples.

Design Consider ations of Digital PEX

Table 2 provides an overview of the identified themes for each
design construct or method, related considerations, and
references. To address the abovementioned influencing factors,
several the included articles referred to design constructs
(personalization, information, navigation, and visualization)
[48,49,53,54,59,80] and design methods (ie, human-centered
design [HCD] or user-centered design [UCD], co-design or
participatory design, and inclusive design) [48-50,54,80-82],
either asrecommendations or implicationsfor improving digital
PEx from a design perspective. Notably, there was an overlap
between design considerations and influencing factors. The
former focuses on concluding possible design suggestions,
recommendations, and implications proposed by the reviewed
articles. The latter involves mapping the impacts of interaction
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design on digital PEx in different contexts; therefore, they refer
to different themes and references. Generaly, the
personalization construct identifies patient profiles and tailors
digital health according to patients’ needs and preferences. The
information construct addresses the source, language,
presentation, content, and architecture of delivered health
information. The navigation construct considerstheinteractive,
delivered, and instructional elements of digital health to guide
users to different areas of content within digital health. The
visualization construct focuses on the aesthetics, attractiveness,
visibility, and consistency of digita health appearance and
interface. Furthermore, co-design and UCD or HCD were
recommended as the most common methods for designing
digital health, which involve multi-stakeholders and
multi-disciplinaries in the design process to facilitate the
designers work, asdesigners need to understand end user needs
and be aware of potential barriersto engaging in DHIs. Finally,
inclusive design provides flexible design and is usable for a
broader population. Notably, the design considerationsidentified
in the included papers are not meant to be applied to every
project; the implementation depends on the project’s focus.
Designers always need to balance project requirements (such
as profits), user needs (such as privacy concerns), and policy
regulations (such as data security). For example, peer-to-peer
patient communication may not be appropriate for more
sensitive health issues.
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Table 2. Design considerations of digital patient experience.

Themes Considerations References

Design constructs
Per sonalization

Profiling «  Careful patient selection for digital health use [53,59]
o Assess specific metrics (eg, sociodemographic characteristics, basic health
status, individual preferences, and habits)
«  Create an accurate patient profile

Tailoring «  Provide personalized information, tailored intervention content, and customized  [49,54,59,80]

feedback (eg, predicted possible causes and consequences of ahealth problem
and advice on the behavior under investigation)

«  Tailor the content to the user’s needs and preferences

«  Tailor images, colors, text quantity, and font size and color to what users find
appealing

«  Tailor multiple variables rather than asingle variable

« Alignwith end users' habitual routines

Autonomy «  Choose desirable and accessible forms of delivery [59,80]
o Choose when and how to receive reminders
«  Select or change personalized goals for future use throughout the time span
of intervention
«  Select preferred styles (eg, color and font)

Information
Content «  Provide comprehensive health information (eg, medical history, test results,  [48,53,54,59]
and medication information)
«  Provide appropriate education and training on a health condition
o Provide concise information (not overwhelm)
«  Provide evidence-based information from a credible source (eg, no advertise-
ments and validated advice)
«  Appropriate encryption and digital health security (eg, password setting and
privacy policy)
Communication «  Provide peer-to-peer communication through web-based forums and commu-  [53,54,59,80]
nities using instant messages
« Accessto professionals directly via email, SM S text message, or live chat
o Share duties between health care staff
Functionality «  Rewards(eg, material incentives, intangible rewards, and messages of congrat- [48,49,53,54,59,80]
ulations when atask is compl eted)
«  Reminders (eg, email messages, SM S text messages, words of the day, and
pop-ups) for task completion
«  Reflectivefeedback, persuasive features, and gaming features (eg, knowledge
quizzes and games)
«  Functional characteristics enable accurate and continuous self-management
(eg, activity planning, activity tracking, self-monitoring, and diaries), person-
centered care, and sustained behavior change
« Appropriate dose of treatment
Navigation
Forms of delivery « Readily accessible and downloadable [49,54]
*  Improve DHI?delivery (eg, change from a website to a mobile phone app)
« Ability to print and email the information
User flows o Minimum input (eg, voice commands) [48,59]
«  Efficient accessto information
o  Clarify what to do next
«  Provide search bar and menu bar
» Toolsand aids to help understand health information and compl ete health
tasks
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Themes Considerations References
Instruction and tutorials « Guideusersto agreater extent if the design is not self-explanatory [54,80]
«  Providemoreconcrete, explicit, and context-sensitiveinstructions (eg, avirtua
guided tour and extrainternal links)
o  Adopt featuresfrom common (ie, familiarized) user interfaces (eg, theiPhone
interface)
«  Provide appropriate education and training on digital health use
Visualization
Message presentation «  Visualize continuous monitoring data (eg, present data as graphs and tables)  [59]
«  Provide acoherent presentation in terms of colors, pictures, and themes
«  Simple nontechnical language
«  Straightforward and concise text
«  Comprehensive descriptions of actionable message
«  Provide positive, nonauthoritarian, friendly, and nonjudgmental tone of voice
o Multimedia messages (eg, text combined with relevant pictures or video)
« Highlight information using various font styles, sizes, and colors
Interface aesthetic Show graphics (ie, visual aids) rather than (too much) text [54,59,80]
«  Provideapleasing color scheme (eg, bright colors)
« Simpleinterface
Design methods
Co-design and participatory design approaches
Multistakehol der . Involve end users and other stakeholders [48,49,54]
« Includethe user at the beginning of the design process
Interdisciplinary « Aninterdisciplinary approach to the development and implementation [48,80,81]
User-centered design and human-centered design approaches
Needs assessment «  Know the needs, capabilities, and environment of usersthrough focusgroups, [48,81,82]
surveys, interviews, and personas
«  Composing, preparing, and organizing content
Usability testing «  Gain early feedback from users through prototypes; benchmark testing, user  [48,81,82]
testing, heuristic analysis, failure modes and effectsanalysis, and observations
in other health care settings
Implementation .  Fitthetechnology to the person, not the person to the technology; pilot testing, [81,82]
task analysis, and reporting mechanism
Monitor and sustain «  Understanding work as imagined often differs from work asdone; pre-and  [82]
posttesting, contextual inquiry, and safety and hazard reporting
Inclusive design approaches
Inclusive « Provideaflexible design that is usable by people with no limitations, aswell  [48,50]

as by people with functional limitations related to disabilities or old age

3DHI: digital health intervention.

Design Implications

On the basis of our findings regarding influencing factors and
design considerations for digital PEX, in this section, we define
digital PEx and present design guidelinesfor theimplementation
of improving PEX in digital services.

Definition of Digital PEx

Our review reveals the absence of a commonly used concept
for PEx in digital health. Anincreasing number of studies have
been conducted on surveying PEx, satisfaction with, and
expectationsin varied digital health. With the growing academic
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interest in this topic and increasing efforts to address PEX in
digital health design practice, acommon concept with aconcise
definition will strengthen and align efforts overall. After
reviewing the alignment of widely accepted concepts of PEX,
UX, and DHIs with our generated influencing factors, we
observed that many of our findings are included in the PEXx
definition offered by The Beryl Ingtitute. Therefore, by including
the sum of all interactions shaped by an organization’s culture,
which influence patient perceptions across the continuum of
care[33] aong with the constructs of UX (peopl€'s perceptions
and responses [18,29]), DHIs (digital health technologies[13]),
and the determinants (ie, technical, behavioral, and

JMed Internet Res 2022 | vol. 24 | iss. 8 |e37952 | p.66
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

organizational determinants) identified in this review, we
propose a concise, practical definition of digital PEx to guide
the future design of digital health: “Digital patient experience
isthe sum of al interactions, affected by a patient’s behavioral
determinants, framed by digital technologies, and shaped by
organizational culture, that influence patient perceptions across
the continuum of care channeling digital health.” Compared
with the original definition of general PEX, this new definition
underlines the digital part of health care delivery and includes
2 new determinants (technical and behavioral) that go beyond
the organization’s culture to clarify what can influence patient
perceptions while traveling along a digital care pathway.

Design Guidelinesfor Improving Digital PEX

We devel oped adesign and eval uation framework to hel p digital
health designers or devel opersimprovedigital PEx inthedesign
process (Figure 2). This framework was based on the findings
of thisumbrellareview and wasinspired by the double diamond
model [85,86]. Our framework showsfour phases: definedesign,
define evaluation, design ideation, and designevaluation. The
first and third phases focus on the design itself, and the second
and fourth phases focus on design evaluation. In this study, we
focus on explaining the first and third phases. In thefirst phase,
designers must define the design goal s by considering thefactors
that affect digital PEX. In this phase, we provided 3 determinants
referring to 9 categories of influencing factorsthat have 3 types
of impact on digital PEX (positive, negative, and double-edged)
for designersto discover and explore. Designers can frametheir
design goals based on theintervention purposes and the selection
of influencing factors. For example, if the purpose of the
intervention is to improve patient eHealth literacy, designers
need to pay more attention to patient capability and frame a
design goa to develop suitable intervention functionality for
improving patient capability. After defining the design goals,
designers can move to the second phase, which is the define
evaluation phase. In this phase, designers need to consider
evaluation indicators (patient emotional, behavioral, and health
outcomes) and evaluation methods (surveys and interviews)
that are used to assess digital PEXx. Detailed information
regarding this phase will be discussed in a parallel study.
Following this, we provide 4 design constructs (personalization,
information, navigation, and visualization) and 3 design methods
(ie, HCD or UCD, co-design, and inclusive design) for the
design ideation phase. Personalization [41,54,56,57,59,69,81,87]
refers to ascertaining user needs with design goals. It
encompasses the design of intervention technology and
functionality needs that meet the patients' ability, opportunity,
and motivation to trigger behavior changes and promote health
outcomes. UCD/HCD and inclusive design are valuable at this
stage for the inclusion of patient perspectives. Driven by user
needs and intervention goals, information includes content,
communication, and functionality [54,59,81], and navigation
comprises forms of delivery, user flows, instructions, and
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tutorials [54,59,80,81]. This relates to how relevant content
presented in multimedia with a clear information architecture
can attract patient attention and help them understand and
complete tasks efficiently [88]. Co-design and participatory
design are multidisciplinary collaborations that are necessary
a these 2 stages. Finally, designers need to consider
visualization [54,57,59,80,81], which determines the product
look. The digital health interface can affect patients’ first
impressions when using DHIs. An attention-grabbing, simple,
and consistent interface [59], layout (colors and images) [80],
and message presentation [59] can all lead to positive UX. The
design guidelines (Textbox 1) can be used at this stage to
produce design concepts. In addition, this phase contains the
digital health design workflow, chalenges, and tips from a
design practice perspective (which will be presented in an
ongoing interview study). Finaly, we ended up with this
framework by introducing the design eval uation phase, in which
designers need to develop tests (based on evaluation metrics)
to evaluate design concepts. If the evaluation outcomes do not
meet the eval uation standards, designers can return to the design
ideation phase to adjust the design concepts or return to thefirst
phase to reconsider the design goals.

Compared with the origina double diamond model, our
framework separates the evaluation part from the design part.
This aligns with the design research methodology framework
[84], which suggests generating success criteria after clarifying
design research goals and before producing design support,
formulating criteria for success is essential to be able to
determine whether the results help achieve thisaim. Therefore,
we paid equal attention to design and evaluation. In addition,
our framework provides detailed reference materials (such as
3 determinants) for each phase to provide designers with more
practical support. Notably, in our framework, we retain some
typical features of the double diamond model: thefirst 2 phases
are research related, the last 2 phases are practice related, and
each phase starts from divergence and ends at convergence.

On the basis of our findings on influencing factors and design
considerations, we mapped the combinations of design
constructs and design methods into 9 design guidelines to
address different influencing factors (Textbox 1), which can be
used to guide the design ideation process. Some of the design
guidelines uncovered in this study have aready been
implemented, resulting in a positive digital PEx, such as the
digita platform PatientsLikeMe, which aims to empower
patients to navigate their health journeys together through peer
support, personalized health insights, tailored digita health
services, and patient-friendly clinical education [89]. One of
the studies pointed out that patients can greatly benefit from
using this platform as it improves patient health literacy, and
its condition-specific customization may still further improve
PEX [90], which aignswith our design guidelines onimproving
“patient capability” and providing “personalized information.”
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Figure 2. Digital patient experience design and evaluation framework. HCD: human-centered design; UCD: user-centered design.
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Textbox 1. Design guidelines for improving digital patient experience.

Wang et al

Categoriesand design guidelines

«  Patient capability

design to their ability

«  Patient opportunity

«  Patient motivation

-  Intervention technology

« Intervention functionality

« Intervention interaction design

multi-disciplines in the design process

«  Organizational environment

«  Physical environment

background noise or lighting)

«  Socia environment

o ldentify patients knowledge and skill levels by understanding their technology, language, and hedlth literacy; consider their previous
experience and current confidence level in using digital health; improve their actual literacy and correct their perceived inability; tailor

«  Profilepatients identity (eg, age, gender, economic status, and daily routines) and health status (eg, illness complexity, severity, and stability);
consider patients' accessibility and affordance to digital health; tailor design to their individual opportunity

«  Recognize patients mindset and perceived advantages and disadvantages; inform them of the potential benefits of using digital health;
address their concerns and worries; understand their expectations and needs; tailor design to their preferences to trigger their motivation

« Increase technical usability; ensure ease of use, ready to use, and timely feedback on digital health; select technical features (eg, data
accessibility) and delivery media or devices (eg, device ownership) to meet patients' preferences and needs

»  Strengthen theory-based interventions (eg, behavior change techniques and evidence-based interventions); improve intervention quality,
considering privacy, security, and accuracy issues; provide regular and continuous socia support combining both remote communication
and real human contact; tailor health promotion and intervention structure to patients' needs and preferences

«  Provide personalized and consistent information, clear tutorials or technical support, and visualized data; allow patients to choose personalized
interactive elements; follow human or user-centered design, co-design, and inclusive design methods; involve multi-stakeholders and

»  Reduce equipment or service cost and time; improve health care providers' professional ability, communication skills, and service attitudes

across the use of digital health; increase workflow transparency and clarify accountability; improve system integration and compatibility

«  Provide a familiar, warm, and comfortable environment rather than cold and unfamiliar settings; reduce environmental distractions (eg,

«  Provide adequate support policies and legislation; develop plausible business cases

Discussion

Principal Findings

We systematically reviewed review articles on factors that
influence digital PEx and considerations regarding how best to
designdigital PEx. Thereviewsvaried greatly intype, including
studies and data analysis methods, as well as in HIS, health
i ssues, target patient groups, intervention content, and structure.
Of the selected reviews, 62% (28/45) were systematic reviews,
the rest were other types. These included qualitative,
guantitative, and mixed methods studies. Thematic analysisand
meta-analysis were the most common data analysis methods
used in the reviews. We note that the studies described in the
selected reviews were extremely heterogeneous, and information
about interventions and digital PEx were often mixed and
complex, making comparison difficult.
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Our results are in line with the findings reported by previous
authors [25,30,38] on the factors that affect PEx, UX, or the
implementation of digital health. On the basis of the identified
influencing factors and design considerations, we developed 9
design guidelinesfor improving digital PEx. Our findingsreveal
that among the selected reviews, only afew formulated design
strategies or guidelines. This lack of design knowledge
transformation makesit difficult for designers or developersto
apply the findings directly. This aligns with the studies by
Sakaguchi-Tang et al [48] and Sggaard Neilsen and Wilson
[80]; the former indicated that the absence of specific design
recommendations impairs the design of digital health, with the
latter suggesting that there was a lack of understanding of the
most beneficial design aspects for some specific digital health
and how design principles can best be applied. Moreover, the
use of UCD has been recommended in many studiesto address
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UX-relevant issues in digital health [3,80,91], which also
supports our findings.

Digital PEx Versus General PEx and UX

We found a lack of a common term to describe PEX in digital
health; UX (25/45, 56%) and PEx (17/45, 38%) were the most
commonly used terms. Patient UX, patient perceptions, client
experiences, patient empowerment, and user engagement were
also used to describe similar concepts. Many reviews indicated
that there was limited information about UX or PEX in varied
digital health and underlined the need for a more holistic view
of patient needs and priorities to better shape digital health
design dtrategies and provide tailored digital health
[28,40,42,45,60,74].

Influencing Factors Are More Complex Than
Facilitatorsand Barriers

Theinformation provided about digital PEx—influencing factors
was complex and heterogeneous. Digital health is often treated
asawhole, whereas digital PEx isaffected by the additive effect
of varying digital health factors. A single change in a factor
may affect everything else. We found that without a concrete
interaction context, factors could be regarded concurrently with
facilitatorsor barriers. For example, regular contact with health
care providers (HCPs) could be perceived to increase a sense
of reassurance or perceived as a burden to patients’ daily lives
[28]; some patients experienced digital health astime consuming
or an additional burden, whereas others experienced it as time
saving or convenient [69]. Some influencing factors may have
asoft or indirect influence on digital PEx [44,76]. For instance,
users who are completely unaware of privacy or security risks
may have excellent experience with digital health that fails to
meet privacy or security requirements[76]. A lack of concrete
solutions to address these barriers was mentioned [48]. It is
likely that digital health cannot serve all populations equally
well [71], which alignswith the results of ascoping review that
investigated the inequities caused by the adoption of digital
health technologies [92]. Some researchersindicated that ol der
adults can also experience benefits by using digital health [53],
whereas others suggested that telehealth is, at best, a partia
solution for younger and fitter subpopulations [47,71]. Again,
although some mentioned that patients preferred using personal
devices[49,55,61,64], others noted the opposite [64].

Unclear Benefit From the Different Elementsin Digital
Health

It is likely that some patient groups benefit more than others
from specific DHIs. For example, one of the reviews suggested
that in telemedicine treatment for type 2 diabetes, behavioral
change and continuous management were the keys to success
[43]. However, it was unclear precisely which elements of digita
health resulted in patients' satisfaction or dissatisfaction and
how they could be addressed [83]. Moreover, we found limited
data and even contradictory results on which factors affect
digital PEx the most, which elements should be considered first
when devel oping DHI's, and who benefits more from them. The
latter is commonly mentioned [48,53,70], with some authors
suggesting that patients with unstable chronic diseases might
benefit the most [47,93]. However, another review indicated
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that even if patients are provided with the latest state-of-the-art
technology at home, the intervention will not be beneficial if it
remains unused [43]. Patients who are less activated are likely
to have less positive experiences than those who are highly
engaged [74].

Lack of Multiple Perspectives During the Design of
Digital PEX

Clear communication between experts, designers, and patients
regarding their understanding of digital PEx isrequired. Some
reviews acknowledged the need for a multistakeholder
perspective on digita PEx [55,69]. However, we found
circumstances in which this was not possible. For example, in
some cases, UCD for DHIs was conducted on nonpatient users
either because of ethical reasons or relevant regulations [43],
and in others, appsthat are not specifically designed for patients
with cancer were being used for this patient group [64]. HCPs
are often isolated from the decision-making process to
incorporate digital health into their current service provision
[28]. Moreover, alack of clinician perceptions of digital health
use was al so reported [40,54]. Furthermore, no studies focused
on exploring designers' views, opinions, experiences, or values
in addressing PEX or UX in the design of digital health. There
was little information on whether experienced designers had
worked with patientsin their design process.

Over- or Underestimated Results

Some studies suggested that a lack of interest was the main
reason for patients’ refusal of digital health and that reasonsfor
patient withdrawal were patients not wanting to use equipment,
deteriorating health, and technical problems [94,95]. We need
to gain better insightsinto the reasonsfor patients choosing not
to engage in or withdraw from digital health, as these will
significantly inform future DHI development and design
[43,53,69]. However, itislikely that most studies only included
patients who had already agreed to or were using digital health
technologies; those who refused to use, withdrew from, or had
no bility were excluded [28,51,63,69]. One of thereviews
suggested that this would result in over- or underestimated
results of DHIS' effects on digital PEx, as participants who
completed the intervention may differ from those who did not
[41]. Another review found that patients only reported positive
themes associated with remote monitoring, which may indicate
aselection bias[71].

Conflicts Between Benefits and Cost for Developing
DHIs

The provision of digital health can reduce the treatment burden
and better integrate careinto patients' daily routines[69], which
is consistent with our findings; we found that most reviews had
apositive perspective of DHIs. However, in one of the reviews,
it was suggested that although there was agreement among most
professionals that health information technology can have a
positiveimpact on PEX, when wei ghing the benefits against the
potential cost, demonstrating this will be challenging [44,47].
Moreover, unnecessary high-frequency monitoring could result
in a waste of health resources and an increased workload for
HCPs [52]. Compared with existing health care services, the
application of new technology needs to demonstrate clinical
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evidence of improved health conditions [43]. However, there
were discordant findingsin terms of the benefits of using DHIs.
For example, there was no concrete evidence that telemedicine
consultations were quicker than face-to-face consultations
[40,57,68,83]. In another case, the impact of DHIs on health
care use was not examined [57]. In conclusion, only
user-friendly and quality-certified DHIs should be provided to
patients [64]; health care organizations should not shift their
focus from the basic and inexpensive strategiesthat affect patient
care. Care is needed: new technology should not overwhelm
the patient or ignore patient needs [44].

Limitations

First, when undertaking a review of review articles, some
important detailsincluded in the original studies may have been
lost, which increases the possibility of reporting bias. We also
noted differences in the interpretation of terms and methods
between the reviews. There is a lack of consistency in the
terminology used to describe the functions of DHIs, HISs, or
digital PEXx itself. For example, in some cases, “eHealth” and
“mHealth” were used asinterchangeableterms[75], “ persuasive
technology” and “behavior change techniques’ were presented
as having a similar meaning [43], and “patient engagement”
and “patient activation” were a so regarded as being the same
[74]. This inconsistent use of terms may impede knowledge
trandation and dissemination [57]. To counter this, we
summarized the varied factors with unified descriptionsto build
acommon understanding of thedigital PEx—influencing factors.

Second, theintervention typesand patient groups varied widely
among the reviews, limiting meaningful comparisons between
different studies. In addition, the digital health landscape is
rapidly evolving, and the technology infrastructureis constantly
shifting [41], as are the continuous updates of the UX design
area. It isimportant to keep the influencing factors updated or
adapted as the technology devel ops. Possibly, relevant original
studies may have been excluded because of our focuson review
papers. However, our approach to conducting an overarching
review provides readers with a quick overview of the relevant
digital PEx studies and abasis for further research.

Third, our umbrellareview did not account for the multimodal
relationships between subthemes or the potential overlap
between subthemes within different domains. For example,
different subthemes, such as “personalized design” in
“interventions’ interaction design” aso interconnect with
“interventions’ technology” and “interventions' functionality.”
Moreover, our review process did not aim to address the
question of whether someinfluencing factors are moreimportant
than others or how different aspects of DHIs influence them.
Thiswarrantsfurther investigation aswe suspect that differences
may exist between the influencing factors, as some elementsin
digital health are more likely to increase or inhibit a positive
digital PEX.

Finally, as we used qualitative thematic analysis to synthesize
the findings and generate themes, the generated themes could
have been influenced by the authors previous research
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experiences and personal understanding. By asking other
researchers to repeat the coding process, the resulting themes
are likely to be different. However, to minimize the potential
coding bias, the generation of categories was based on the
PRISM framework; 4 researchers with different backgrounds,
including design, medical, and human factors, were involved
in the iterative coding process, group discussion, and
independent and random validation, and existing theories were
used.

Further Research

Thegoals of thisumbrellareview wereto systematically review
the influencing factors that affect digital PEx and the design
considerations for improving digital PEx that are summarized
in the existing literature. We must conclude that, currently,
much remains unknown, and thetopic of digital PEX isrelatively
new. We propose 6 directions that require further research. The
first direction isto develop frameworks or model sthat translate
digital PEx—related research findings into design practices or
implications. For example, in this study, we used design
guidelines and a design framework to summarize the findings.
The second direction isto identify those who will benefit more
from which elements in DHIs and which influencing factors
could be addressed by combining design constructs and design
methods. Thethird directionisto further examine how designers
understand and address digital PEx in the digital health design
process. To address this, we conducted a qualitative study on
how designers addressdigital PEx in design practice. Thefourth
direction is to standardize evaluation indicators, methods, or
tools for assessing digital PEx; we are currently evaluating
digital PEx in aparalle study. Thefifth direction isto quantify
the balance between the benefits and costs of developing
user-friendly and validated DHIs. The sixth direction is to
identify participants' reasons for dropping out and their impact
on the reported digital PEx—related results.

Conclusions

To the best of our knowledge, thisis the first study to propose
the term “digital patient experience” as a common phrase to
describe PEx in digital health and define digital PEx by
synthesizing the reported PEx or UX of varied DHIs from
multiple reviews. Multimedia Appendix 4 shows more details
about the structure of this study. In this review, information on
influencing factors was identified and summarized into 9
categories (ie, patient capability, opportunity, motivation,
intervention technology, functionality, interaction design,
organizational, physical environment, and socia environment).
These categories were classified into positive, negative, and
double-edged factors based on their positive, negative, and
diverse impacts on digital PEx. Our review uncovered 4 design
constructs (personalized, information, navigation, and visual
design) and 3 common design methods (UCD or HCD,
co-design, and inclusive design) as design considerations for
addressing digital PEx. Finaly, we proposed a design and
evaluation framework and design guidelines to help digital
health designers and devel opers address digital PEx throughout
the entire design process.
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Abstract

Background: Parkinson disease can impose substantial distress and costs on patients, their families and caregivers, and health
care systems. To address these burdens for families and hedth care systems, there is a need to better support patient
self-management. To achieve this, an overview of the current state of the literature on self-management is needed to identify
what is being done, how well it is working, and what might be missing.

Objective: The aim of this scoping review was to provide an overview of the current body of research on self-management
interventions for people with Parkinson disease and identify any knowledge gaps.

Methods: The PRISMA-SCR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping
Reviews) and Population, Intervention, Comparator, Outcome, and Study type frameworkswere used to structure the methodol ogy
of the review. Due to time and resource constraints, 1 reviewer systematically searched 4 databases (PubMed, Ovid, Scopus, and
Web of Science) for the evaluations of self-management interventions for Parkinson disease published in English. Thereferences
were screened using the EndNote X9 citation management software, titles and abstracts were manually reviewed, and studies
were selected for inclusion based on the eligibility criteria. Data were extracted into a pre-established form and synthesized in a
descriptive analysis.

Results: There was variation among the studies on study design, sample size, intervention type, and outcomes measured. The
randomized controlled trials had the strongest evidence of effectiveness: 5 out of 8 randomized controlled trialsfound a significant
difference between groups favoring the intervention on their primary outcome, and the remaining 3 had significant effects on at
least some of the secondary outcomes. The 2 interventionsincluded in the review that targeted mental health outcomes both found
significant changes over time, and the 3 algorithms evaluated performed well. The remaining studies examined patient perceptions,
acceptability, and cost-effectiveness and found generally positive results.

Conclusions:  This scoping review identified a wide variety of interventions designed to support various aspects of
self-management for people with Parkinson disease. The studies all generally reported positive results, and although the strength
of the evidence varied, it suggests that self-management interventions are promising for improving the care and outcomes of
people with Parkinson disease. However, the research tended to focus on the motor aspects of Parkinson disease, with few
nonmotor or holistic interventions, and there was a lack of evaluation of cost-effectiveness. This research will be important to
providing self-management interventions that meet the varied and diverse needs of people with Parkinson disease and determining
which interventions are worth promoting for widespread adoption.

(J Med Internet Res 2022;24(8):e40181) doi:10.2196/40181
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Introduction

Background

Parkinson disease has a substantial impact on patients, their
caregivers and families, and health care systems globally [1,2].
The United Kingdom's aging population is expected to nearly
double the prevalence of Parkinson disease by 2065 [3]. The
National Health Service (NHS) Long Term Plan has emphasized
the need for supported self-management to improve patient
outcomes and reduce the strain of an aging population on the
health care system [4]. Self-management support interventions
for chronic illnesses have been demonstrated to decrease health
care use without negatively affecting patient health outcomes
[5], but research is still needed on how they are used by and
affect all users (including patients, caregivers, and health care
professionals) [6]. The NHS has estimated that 25% to 40% of
patients have low self-management knowledge, skills, and
confidence (patient activation) [7]. A recent study focusing on
people with Parkinson disease found that more than half of the
patients rated themselves high on patient activation, whereas
perceived self-management support was rated much lower [8].

Although Parkinson disease itself isnot fatal, its complications
and motor and nonmotor symptoms can have serious negative
effects on the quality of life for both patients and care partners
(CPs). The nonmotor symptoms of Parkinson disease are often
undeclared in routine appointments [9] but can have severe
negative effects on symptom burden and the quality of life
[10,11]. For instance, it has been estimated that around half of
the people with Parkinson disease have a mental health
comorbidity [12]. Parkinson disease has a substantial impact
on patients, their CPs and families, and health care systems
[1,13,14]. Successful self-management is associated with
improvementsin chronic conditions and achieved by supported
self-efficacy [15]. For al Parkinson disease symptoms, there
are pharmacological and nonpharmacological approaches to
management. Self-management interventions focus on the
nonpharmacological approaches to symptoms by providing
people with Parkinson disease and CPswith support to identify
and monitor their symptoms and behavioral approaches to
manage their symptoms [16,17].

Preliminary Literature Review

Previous systematic reviews have examined various aspects of
support for people with Parkinson disease, particularly
interventionsthat support ashift toward more home-based care,
but none were identified that provided a comprehensive
overview of self-management interventions. There are 2 recent
systematic reviewsthat examined the use of digital technologies
and wearables to monitor or support the care of people with
Parkinson disease and provide a comprehensive and recent
overview of the available technologies, what they are being
used for, and how they are being evaluated [18,19]. A recent
preprint review provided an overview of the trendsin research
in the use of mobile and wearable technology for Parkinson
disease over the past decade and identified 4 main applications:

https://www.jmir.org/2022/8/e40181

assisting with diagnosis, monitoring and prognosis, predicting
the outcomes of treatments, and therapy [20]. A scoping review
conducted in 2018 summarized theliterature about home-based
rehabilitation interventions [21].

There were 2 reviews that focused specificaly on
self-management for people with Parkinson disease [22,23].
The first was a systematic review of the qualitative experience
of self-management components by people with Parkinson
disease and their carers[22]. Thisreview identified 7 key aspects
of self-management interventions for people with Parkinson
disease: “(1) medication management, (2) physical exercise,
(3) self-monitoring techniques, (4) psychological strategies, (5)
mai ntai ning independence, (6) encouraging social engagement,
and (7) providing knowledge and information” [22]. However,
it did not provide an overview or evaluation of the impact of
the self-management interventions on health, behavioral, or
other outcomes. The other review was an integrative literature
review, which provided an overview of the characteristics of
self-management support programs for people with Parkinson
disease and their effectiveness [23]. It identified awide variety
of interventions, most of which were specific to Parkinson
disease, but found limited evidence of their effectiveness. The
review provided a good summary of the state of the field but
was conducted in 2016 and did not examine the integration of
digital technologies in self-management interventions.

Rationale

A search of the international prospective register of systematic
reviews (PROSPERO) aso did not find any relevant reviews
on self-management and Parkinson diseasein progress. A search
for “parkinson AND (digitaa OR technolog*) AND
(self-management OR home based care)” only retrieved 4
registrations: 1 focused on diabetes, and the othersincluded a
range of neurological conditions. A broader search for
“parkinson AND self-management” identified 1 relevant
registration—a systematic review and meta-anaysis of
self-management interventionsin Parkinson disease. However,
the registration is 2 years old (published on PROSPERO on
April 15, 2019), has not been updated, and was not identified
in asearch for a published final article [24].

Given the rapid evolution of digital technology [25] and its
growing role in health care [4], the state of the literature on
self-management interventions has likely changed since the
2016 review was conducted, necessitating an updated overview
that intentionally includes digital interventions, which are
becoming a desired support for Parkinson disease care [26].
The variety of self-management aspects and applications
identified in previous reviews indicates that an overview of the
different types of self-management interventions and their
potential impact is needed. The needs emphasized by the NHS
Long Term Pan [4] for sef-management and
technol ogy-enabled, personalized care demonstrate the potential
for digital technology to help people with Parkinson disease
and CPs improve their identification and management of
Parkinson disease symptoms. Understanding the types of
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self-management interventions currently being developed and
implemented will help inform the development of future,
digitally enabled self-management interventions.

Objectives and Research Questions

The aim of this scoping review was to provide an overview of
the current state of the field and the evidence of the effectiveness
of self-management interventions for Parkinson disease and to
identify any gaps. Specifically, the review asked, “What types
of self-management interventions are avail abl e to support people
with Parkinson disease, what outcomes do they target, and what
evidenceistherein the literature of their effectiveness?’

Methods

Sear ch Strategy

The PRSIMA-SCR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Extension for Scoping Reviews;
Multimedia Appendix 1 [27]) and Population, Intervention,

Table 1. PICOS framework.

Milne-lveset d

Comparator, Outcome, and Studies (PICOS) frameworks were
used to structure the review and devel op the search strategy (see
Table 1). Based on the PICOS, relevant Medical Subject
Headings (MeSH) terms were identified from a preliminary
search, and the search string was created using the following
structure: Population (MeSH terms) AND Interventions (MeSH
terms) AND Outcomes (MeSH terms). There was no limit on
the publication date. The search was performed in 4
databases—PubMed, Ovid, Scopus, and Web of Science—using
the University of Plymouth’s search tool Primo. PubMed was
chosen because it provides a good synthesis of biomedical
literature, and the other search engines were selected because
they capture abroad, multidisciplinary set of databasesto ensure
that no relevant literature was missed. Multimedia Appendix 2
provides a complete record of the specific search strings
(modified slightly to fit the specific structure and requirements
of each database) and the number of references retrieved. The
database searches were performed on April 8, 2021.

PICOS? Detal MeSHP terms used in search
Population People with Parkinson disease and their carers Parkinson Disease
Intervention Self-management interventionsfor peoplewith Parkinson disease  Self-Management OR Self-Care OR HomeNursing OR Dedlivery
of Health Care, Integrated OR Telemedicine OR Mobile Appli-
cations OR Internet-based I nterventions OR Internet of Things
Comparator None or standard care _¢c
Outcomes o Primary outcome: self-management (with measuresinclud-  Self Efficacy OR Quality of Life OR Signsand Symptoms OR
ing, but not limited to, health outcomes, behaviors, perceived Health Behaviour OR Patient Admission OR Patient Readmis-
self-efficacy, quality of life, and use of health care services, sion
etc)
«  Secondary outcomes: factorsthat could affect self-manage-
ment (eg, demographics and disease factors, etc)
Study types Case-control studies, cohort studies, and RCTs? —

3P| COS: Population, Intervention, Comparator, Outcome, Study type.
BMeSH: Medical Subject Headings.

®Not applicable.

94RCT: randomized controlled trial.

Inclusion Criteria

Studiesweredigiblefor inclusioninthereview if they evaluated
a self-management intervention for people with Parkinson
disease or their CPs. A broad definition of self-management
interventions was used, so that an overview of the different
types of intervention could be collected. Any intervention type
(remote or in person) was eligible for inclusion if it aimed to
help improve any elements of the patient self-management of
Parkinson disease. Randomized controlled trials (RCTSs), cohort
studies, and case-control studies were eligible for inclusion.
Studies published at any date were eligible for inclusion.

Exclusion Criteria

Studieswere excluded if they did not include a self-management
intervention for Parkinson disease or if they described an

https://www.jmir.org/2022/8/e40181

intervention without evaluating it. Protocols and reviews were
also excluded. Studies that were published in languages other
than English were also excluded, as the review team did not
have the necessary resources to assess them.

Screening and Article Selection

The EndNote X9 citation management software (Clarivate) was
used to store references, remove duplicates, and conduct the
initial screening. The screening was done in several stages,
using keywords based on the PICOS (see Multimedia A ppendix
3). Next, 1 reviewer screened the remaining titles and abstracts
(excluding articles with reasons) and conducted a full-text
review to determine final eligibility (see Figure 1). The review
team did not have the resources—in terms of time and
budget—to have a second reviewer screen and extract data.
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Figurel. PRIMSA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.
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. form (see Textbox 1). Given the anticipated variety of study
Data Extraction

The full texts of the included studies were reviewed, and the
data were extracted by 1 reviewer based on a predetermined

Textbox 1. Article information and data extraction.

types and aims, the specific outcomes to extract were not
prespecified but included as data to be extracted.

General study information
. Title

«  Year of publication

o Samplesize
«  Population
«  Method

I ntervention

o Type of self-management intervention

«  Description of self-management intervention

Evaluation

«  Primary outcome

«  Secondary outcomes

e  Summary of reported results

«  Evidence of effectiveness at achieving stated outcomes

Data Analysisand Synthesis

A descriptive analysiswas used to summarize the data extracted
from the studies and provide an overview of the state of the
literature on self-management interventions for Parkinson
disease. The implications of the findings are examined in the
discussion.
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Results

Included Studies

The database search retrieved 1583 references (see Multimedia
Appendix 2). The EndNote X9 software was used to remove
236 duplicates, and the keyword search tool was used to screen
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out 1296 references (see Multimedia Appendix 3). The titles
and abstracts of 51 studies were screened by 1 reviewer, and
articles were excluded with reasons. Of these 51 articles, 19
were selected for the full-text review. Subsequently, 1 study
was identified as a duplicate upon full-text review [28], and 1
study was a secondary data analysis of an RCT, so the original
RCT was identified and included [29], resulting in a final set
of 19 included studies. Thereasonsfor exclusionin thefull-text
review stage are detailed in Figure 1. The table with the
extracted dataisincluded as Multimedia Appendix 4.

Study Char acteristics

The largest proportion (8/19, 42% or 7/18, 39%, as 2 of the
studiesreferred to the sametrial) of the studiesincluded in the

Milne-lveset d

review used an RCT methodology [29-36]. The remaining
studies used a variety of study types, including 3 feasibility
studies evaluating algorithms[37-39], 2 one-arm pre-post trials
[40,41], 2 pilot studies [42,43], 2 mixed methods acceptability
studies [44,45], a randomized case-control study [46], and a
secondary data analysis of program adherence [47].

The studies also had a wide range of sample sizes, from 11
participants [42] to 474 participants [31]. All of the 8 studies
with the largest sample sizes (greater than 100 participants)
were RCTs[29-36].

The earliest study included in the review was published in 2007
[30] and the latest in 2020 [45], but two-thirds (13/19, 68%) of
the studies were published in 2017 or later (see Figure 2).

Figure 2. Number of included studies by year and category of Parkinson disease self-management intervention. The intervention types included
home-based detection or monitoring of symptoms [37-39,44,46], general care and self-management [29,35,45], behavioral therapy program [40,43],
and motor-focused exercise or fall avoidance program [30-34,36,41,42,47]. Note that 2 of the papers included in general care and self-management

relate to the same study [29,45].
7

Number of studies
(%) I wn

b

1 .
0

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

e
s

2018 2019 2020
Year

m Motor-focused exercise or fall avoidance program

m Home-based detection or monitoring of symptoms
General care and self-management

s Behavioral therapy program

Types of Interventions

A variety of different types of self-management intervention
were described and evaluated by theincluded studies. The most
common (9/19, 47%) type of intervention was home-based
exerciseor fall prevention programs[30-34,36,41,42,47]; within
this category, two-thirds (6/9, 67%) were motor-rel ated exercises
or fall avoidance programs, and the remaining interventions
were 1 that used sensor-based feedback [42], acommunity-based
exercise program[32], and ahandwriting program [33]. Several
(5/19, 26%) interventions provided a means of home-based
detection or monitoring of symptoms, which werealso primarily
focused on motor symptoms [37-39,44,46]. Of the remaining

https://www.jmir.org/2022/8/e40181

RenderX

studies, 2 delivered behaviora therapy—type interventions to
address mental health outcomes [40,43], 1 (addressed in 2
papers) delivered anurse-led care management program [29,45],
and 1 examined a rehabilitation program specifically focusing
on self-management skills [35].

Evidence of Effectiveness

Summary

A variety of different outcome measures were used by the
studies to evaluate the interventions, given their different aims
and types. The strongest evidence of effectiveness came from
the 8 RCTs [29-36]. In dl, 5 of the 8 RCTs found significant
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evidence that the intervention was more effective than the
control at achieving its respective primary outcome: a2-minute
walk [32], reducing fall rates [30], self-perceived performance
of daily activities[34], motor score on the Movement Disorders
Society—Unified Parkinson's Disease Rating Scale [36], and
health-related quality of life[35]. The other 3RCTs[29,31,33],
a pre-post trial [41], and 1 of the pilot studies [42] found
significant differences (between groups or over time) for some,
but not all, of the outcomes measured.

Motor-Focused Program Outcomes

Severd of the studies examined interventions that included
sessions with physiotherapists or occupational therapists
combined with independent practice aimed at preventing falls
or improving physical activity function [30,31,34,41]. Of the 2
studies that focused specifically on fall prevention, 1 found a
significantly reduced rate of falls in the intervention group
compared to the control group [30]. The other study (PDSAFE
personalized fall prevention program) did not find a significant
difference in repeated falling between groups but did observe
better balance, functional strength, and fall efficacy and reduced
near-falls in the intervention group compared to the control
group [31]. The remaining 2 studies focused on exercise; 1
found significant improvements in outcome expectations for
exercise and time spent exercising and on the Unified
Parkinson’s Disease Rating Scale and the Parkinson’s Disease
Questionnaire-39 but not self-efficacy, outcome expectations
for functional ability, depression, or timed chair rise scores[41],
whereas the other found a significant difference on
self-perceived performance in daily activity but not perceived
capacity, daily activity performance, effect of fatigue, coping
skills, mood, or quality of life measures[34].

There were 2 studies of motor-focused interventions that used
digital technology to provide self-management support [36,42].
These studiesfound that avirtual reality home-trainer stationary
cycle resulted in a significant difference between intervention
and control groups on the Unified Parkinson’s Disease Rating
Scale in favor of the intervention [36] and that a sensor-based
auditory feedback device to improve stepping automaticity
while dual-tasking had a significant difference for step
automaticity but not for fear of falling, cognitive functioning,
or self-reported gait freezing [42].

The remaining 2 studies of the motor-focused interventions
delivered a community exercise intervention with aerobic and
resi stance training twice weekly, which found significant effects
for 2-minute walk scores and the Unified Parkinson’s Disease
Rating Scale over 12 months [32], and a control intervention
focused on handwriting, which found some effect on
self-reported difficulty [33].

Mental Health Outcomes

Therewere 2 studies that examined the impact of interventions
on mental health outcomesrelated to Parkinson disease [40,43].
Both trial s examined the effect of an intervention over timeand
found significant improvements with large effect sizes. One of
the studies, which was pilot-testing a 10-week
cognitive-behavioral telemedicine program (a self-help
workbook combined with occasional tel ephone sessions), found

https://www.jmir.org/2022/8/e40181
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a significant improvement in depression and anxiety over the
4-month study period [43]. The other study, which evaluated a
6-week telephone-based behavioral activation intervention,
found a significant, medium-to-large effect size of the
intervention on apathy (d=0.77), depression (d=0.70), and
quality of life (d=0.50) [40].

Algorithm Evaluations

There were 2 studies that evaluated a classification algorithm
by measuring area under the receiving operator curve (AUC)
as their primary outcome. The AUC represents how well the
model can differentiate between 2 conditions, with a general
understanding that scores of 0.7-0.8 are acceptable, 0.8-0.9 are
excellent, and 0.9 and higher are outstanding [48]. The first
study found AUCs of 0.88 and 0.91 for the best models [37],
and the other validated that the model performed similarly on
datacollectedin clinic (AUC 0.83) ason data collected at home
(AUC0.76) [38]. A third study evaluating an algorithm reported
that it compared favorably to similar systems and that it could
replicate clinical decisions; however, the supervised machine
learning process was based on the decisions of 1 neurologist,
so the algorithm had learned to replicate those decisions [39].
The authors recognized this as alimitation of the study.

Patient Perceptions, Acceptability, and Usability

Of the 19 studies, 2 used mixed methods to examine the user
perceptions of the interventions [44,45]. The first was a
companion study to a multisite RCT of a nurse-led care
management intervention for Parkinson disease[29]. The study
found that after theintervention, people with Parkinson disease
rated their medication self-management highly and found the
nurse care managers to be helpful, although some usability
issueswith the program were reported by participants and nurse
care managers. Likewise, the nurses found the program to be
helpful, the Parkinson disease specialists found the nurse care
manager's role to be helpful, and both reported seeing
improvementsin the self-management of peoplewith Parkinson
disease [45].

The other study assessed the acceptability of awrist-worn sensor
[44]. Participantsidentified discomfort after long periods of use
and problems with the strap; however, there was high
compliance with wearing the sensor, and participants reported
apreference for the sensor over symptom diaries [44].

Adherence

Therewas 1 article [47] that reported asecondary dataanalysis
for 1 of the RCTsincluded in the review [30]. It examined the
adherence of the 70 participantsin theintervention group of the
study to the home-based exercise program. Patients reported
completing a high percentage (79%) of the recommended
number of repetitions of their exercises. Adherence varied
depending on participant characteristics; specifically, older age,
worse physical condition, pain, anxiety, and depression were
all associated with reduced adherence to the prescribed exercises
[47].

Cost-effectiveness

Only 1 study focused on ng cost-effectiveness[46]. Cubo
et al [46] conducted arandomized, case-control study comparing
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home-based motor monitoring (using wireless motion sensors)
with in-office monitoring. They reported that the home-based
monitoring was cost-effective but found no significant
differences between the groups for symptoms or quality of life
[46].

Discussion

Summary of Findings

The studies included in the review varied widely in terms of
the study and intervention types, the number of participants,
and the outcomes assessed. Approximately two-thirds (13/19)
of the studies included examined interventions that focused
primarily on motor-related outcomes. Almost 40% (7/18) of
the studies included were RCTSs; these trials had the largest
sample sizes (ranging from 105 to 474 participants) compared
to the other study types (ranging from 11 to 82 participants).

The RCTs aso had the strongest evidence of effectiveness for
their interventions, with almost two-thirds (5/8) finding
significant evidence of effectivenessfor their primary outcome
compared to the control group, and the remaining 3 studies
finding significant evidence for some of their outcome variables.
However, the non-RCT studies al had at least some evidence
to support their intervention, including evidence of an effect of
theintervention over time, good model fit, adherence, generally
positive acceptability and user perceptions, or cost-effectiveness.
However, severa of these studies reported limitations in their
design and emphasized the need for further investigations to
address unanswered questions.

Limitations

A limitation of this scoping review is that only 1 researcher
performed the article selection, data extraction, and data
analysis. The PRISMA-ScR framework was used to guide the
review [27] and ensure that the requirements for a scoping
review were reported, but we could not prevent any potential
bias due to the lack of validation from a second, independent
reviewer.

Another potential source of selection bias is that no manual
searcheswere conducted in the references of any of theincluded
articles or reviews retrieved in the initial search. Due to time
congtraints, this search was not feasible but increases the
possibility that relevant studies may not have been included in
the review.

M eaning and Future Research

The volume of studies retrieved during the initial search and
the variety of intervention types included in the review
demonstrate the breadth of research on technological support
and home-based care for Parkinson disease. The research into
supporting self-management for people with Parkinson disease
addressed severa different aspects of management: home-based
symptom monitoring that aimed to improve data collection and
better inform hedlth care professionals care decisions,
behavioral therapy that aimed to improve mental health; and
independent, supervised, or community programs that aimed
to increase mobility and strength, reduce the risk of fals, and
improve the quality of life.

https://www.jmir.org/2022/8/e40181
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In addition to the variety of the research, this review identified
sometrendsin theinterventions being devel oped and evaluated
to support self-management in people with Parkinson disease.
The most prominent trend was the focus of the interventionson
motor-related monitoring and care. This was an interesting
observation, because the nonmotor symptoms of Parkinson
disease can have asubstantial impact on disease burden and the
quality of life [49-52]. Only 2 of the reviewed interventions
focused primarily on the mental health aspects of Parkinson
disease [40,43]. Although some (6/17) of the other studies did
include an assessment of at least one nonmotor symptom as a
secondary  outcome  (most  frequently  depression)
[29,31,34,36,41,46], therewas asurprising lack of interventions
that aimed to improve the self-management of nonmotor
symptoms. Given the impact of honmotor symptoms on people
with Parkinson disease, thisis an important gap that should be
further investigated and addressed.

Another key area for future research would be the
cost-effectiveness of self-management interventions. Only 1 of
the included studies examined cost-effectiveness, which also
identified alack of the resources needed to conduct high-quality,
cost-effectiveness evaluations (eg, the lack of a specific
“cost-of-illness” questionnaire for people with Parkinson
disease) [46]. This will be an important area to explore, as
several of the interventions appeared to be resource-intensive,
especiadly the interventions that involved home visits by
therapists. Although there is likely to be an offset of costs if
these interventions improve the quality of life, slow the
deterioration of health, and reduce the need for expensive
treatments, these interventions will need to be rigorously
evaluated to demonstrate the potential benefit of their
widespread adoption.

Conclusion

This scoping review aimed to examine and provide an overview
of the state of the literature on self-management interventions
for people with Parkinson disease. There is alarge amount of
research in this area, including several RCTs, that focus on a
variety of types of self-management intervention. Most of the
studies reported at least some evidence of effectiveness or
positive effect of the intervention examined, with the best
evidence of effectiveness coming from the RCTs. However, the
majority of the studies reviewed focused on motor-related
interventions and outcomes, with few interventions aimed at
addressing the nonmotor aspects of Parkinson disease. There
was aso an apparent lack of consideration of the
cost-effectiveness of the interventions. Further research will be
needed to compare the potential health and economic benefits
of implementing interventions to support self-management in
people with Parkinson disease with the costs of delivering the
interventions. Although some of the studies examined
interventionsthat used digital technol ogiesto monitor symptoms
or provide feedback, many of the interventions had substantial
in-person time commitments. Future investigations could
compare the effectiveness of delivering interventionsin person
or through digital technologies to potentialy improve the
cost-effectiveness and avail ability of self-management support.
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Abstract

Background: Motivational interviewing (MI) canincrease health-promoting behaviors and decrease heal th-damaging behaviors.
However, MI isoften resourceintensive, precluding its use with peoplewith limited financia or time resources. Mobile health—based
versions of Ml interventions or technol ogy-delivered adaptations of M1 (TAMIs) might increase reach.

Objective:  We aimed to understand the characteristics of existing TAMIs. We were particularly interested in the inclusion of
people from marginalized sociodemographic groups, whether the TAMI addressed sociocontextual factors, and how behavioral
and health outcomes were reported.

Methods: We employed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines for
scoping reviews to conduct our scoping review. We searched PubMed, CINAHL, and Psyclnfo from January 1, 1996, to April
6, 2022, to identify studiesthat described interventionsincorporating M1 into amobile or electronic health platform. For inclusion,
the study was required to (1) describe methods/outcomes of an Ml intervention, (2) feature an intervention delivered automatically
viaamobile or electronic health platform, and (3) report abehavioral or health outcome. The exclusion criteriawere (1) publication
in a language other than English and (2) description of only in-person intervention delivery (ie, no TAMI). We charted results
using Excel (Microsoft Corp).

Results: Thirty-four studies reported the use of TAMIs. Sample sizes ranged from 10 to 2069 participants aged 13 to 70 years.
Most studies (n=27) directed interventions toward individuals engaging in behaviors that increased chronic disease risk. Most
studies (n=22) oversampled individuals from marginalized sociodemographic groups, but few (n=3) were designed specifically
with marginalized groups in mind. TAMIs used text messaging (n=8), web-based intervention (n=22), app + text messaging
(n=1), and web-based intervention + text messaging (n=3) as delivery platforms. Of the 34 studies, 30 (88%) were randomized
controlled trials reporting behavioral and health-related outcomes, 23 of which reported statistically significant improvementsin
targeted behaviors with TAMI use. TAMIs improved targeted health behaviors in the remaining 4 studies. Moreover, 11 (32%)
studies assessed TAMI feasibility, acceptability, or satisfaction, and all rated TAMIs highly in this regard. Among 20 studies
with a disproportionately high number of people from marginalized racial or ethnic groups compared with the general US
population, 16 (80%) reported increased engagement in health behaviors or better health outcomes. However, no TAMIsincluded
elements that addressed sociocontextual influences on behavior or health outcomes.
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Conclusions:  Our findings suggest that TAMIs may improve some health promotion and disease management behaviors.
However, few TAMIs were designed specifically for people from marginalized sociodemographic groups, and none included
elements to help address sociocontextual challenges. Research is needed to determine how TAMIs affect individual health
outcomes and how to incorporate el ements that address sociocontextual factors, and to identify the best practicesfor implementing

TAMIsinto clinical practice.

(J Med Internet Res 2022;24(8):€35283) doi:10.2196/35283
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Introduction

Background

Chronic diseases, such as heart disease, cancer, and diabetes,
aretheleading causes of death in the United States, affecting 6
in 10 adults[1]. Therisk of developing many chronic diseases
and their corresponding complications, if diagnosed, can be
reduced by avoiding the following 4 key health behaviors:
tobacco use, poor nutrition, physical inactivity, and excessive
alcohol use[1]. However, reducing these harmful behaviors can
be exceptionally difficult. As a result, a multitude of
interventions have been developed that attempt to facilitate
health behavior change in these domains[2].

Using eHealth Technologiesto Improve Health

The use of computing and internet technologies generally
(eHealth), and smartphone and texting technol ogies specifically
(mobile health [mHealth]), in health behavior change
interventions has greatly increased over the past 3 decades[3].
These technologies can be effective tools for delivering health
behavior interventions to diverse populations for a variety of
behavior change goals. To illustrate, a systematic review of
mobile apps and text messaging interventions demonstrated
improvement across a variety of physical and mental health
outcomes, including weight loss, smoking cessation, medication
adherence, and depression and anxiety symptoms [4]. Similar
findingswere reported in a systematic review of text messaging
health promotion interventions [5]. mHealth interventions may
also be useful for facilitating self-management in patients with
chronic diseases, such asimproving medication adherence and
control of chronic disease indicators like BMI, and activating
and empowering patients [4-7].

mHealth technologiesin particular have the potential to greatly
improve health care access, improve delivery processes, and
reduce chronic care costs [6], especially in areas that are
medically underserved and underresourced, and in areas where
internet accessislimited to personal mobile phones[8]. mHealth
technologies are widely accessible, popular across
sociodemographic groups, and portable, and can facilitatetimely
interventions for patients [8,9]. These features are especially
important for encouraging chronic disease prevention and
management behaviors, which require timely and fregquent
reminders and interactionswith patientsthat areimpractical for
health care practitionersto provide in office settings.

The accessibility of mHealth technologies may be especially
important for people from sociodemographic groups that have
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been underserved, mistreated, or marginalized by biomedical
research and practice (hereafter marginalized). For example,
patients who livein rural areasface long travel and wait times,
which may limit how often and for how long they can meet with
their providers [10]. People from marginalized racial or ethnic
groupsface additional barriers, including medical distrust, which
stems in large part from experiencing stigma, discrimination,
and racism from health care systems and providers [11].

The effectiveness of eHealth and mHealth technologies for
health promotion and management behaviors, combined with
their availability and accessibility to the public, suggests that
these platforms are effective tools for increasing the reach of
interventions to greater numbers of individuals with
sociocontextual challenges. However, the potential benefits of
technology-delivered interventions may be offset by the fact
that standard eHealth and mHealth technologies might not
motivate patients in a way that fosters autonomy, which is
critical to maintaining behavior change over time [12].

Motivational Interviewing and ItsUsein eHealth
I nterventions

Motivational interviewing (MI) isamethod of talking to people
about changing their behavior [13]. Thegoal of Ml istoincrease
intrinsic motivation and self-efficacy for engaging in health
promoting behaviors using patient-centered yet directive
communication techniques [14]. Specifically, M| counselors
rely on reflexive listening, strategic questions, affirmations of
character strengths, and statements emphasizing patients
decision-making autonomy to elicit “changetalk” [ 15]. Change
talk involves statements expressing patients own desires,
abilities, reasons, needs, and commitments to change their
behavior while embodying “MI spirit” an empathetic,
collaborative, and nonjudgmental demeanor. There is strong
evidence supporting Ml as a strategy to address barriers to
effective health behavior counseling [16]. While health care
professionals may attempt to persuade patients to adhere to
recommended heath behaviors, M| encourages personal
decision-making about change and provides guidance and
support about potential mechanisms of change [17,18]. During
an MI session, acounselor usesthe principles of
the self-actualization theory and free choice to helpindividuals
identify and work toward their goal§[19,20]. M| can include
health education and address sociocontextual factors that
constrain an individual’s choices. Ml has been effective in
promoting health behavior change for individuals with and
without chronic diseases [21,22]. However, while M1 offers
many benefitsto patients, itsreach may belimited asemploying
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trained counselors is expensive and training other health care
providers may be time consuming and resource intensive.

Technology-delivered adaptations of Ml (TAMIs) have been
developed to combine the useful features of M1 interventions
(eg, promoting patient autonomy) with the benefits of mHealth
interventions (eg, increase accessibility while limiting costs to
patients and the health care system). Despite the complexity of
developing TAMIs for intervention studies seeking to improve
health behaviors, a 2016 systematic review reported that they
are feasible to implement and well accepted by patients [23].

Objective and Resear ch Questions

The objective of this research was to gain an understanding of
the characteristics and outcomes of TAMIs that were not
addressed in aprevious review [23]. Specifically, we asked the
following questions: (1) To what extent do TAMIs include
individuals from marginalized sociodemographic groups? (2)
How do TAMIs address sociocontextual influences on health
(eg, the built environment and financial barriers)? (3) How do
studies that report TAMI s describe their effects on behavioral
and health outcomes?

This work is important for several reasons. First, the answers
to the first 2 research questions (ie, including individuals from
marginalized sociodemographic groups and addressing
sociocontextual influences on health) have not been previously
addressed, yet they are critical for expanding access of these
potentially useful interventions to individuals and groups who
have been socially marginalized or systematically and
intentionally excluded from or underrepresented in biomedical
research. Second, there have been many technological
advancements made over the past 6 years that might shape the
nature and effectiveness of TAMIs(eg, increased sophistication
of tailoring interactionsto participant responses) [24]. Although
the previous review evaluated the effects of TAMIs on
behavioral and psychological outcomes [23], examination of
more modern interventions is informative considering rapidly
emerging novel technologies.

We sought to map key concepts and knowledge gaps about
TAMIs, including identifying the number of studiesthat include
participants from underrepresented popul ations and the number
of studies that address sociocontextual factors. Because these
goals are more consistent with the goals of a scoping review
than a systematic review [25], we conducted a scoping review.

Methods

We employed the PRISMA (Preferred Reporting Items for
Systematic Reviews and M eta- Analyses) guidelinesfor scoping
reviews [26,27]. We did not preregister the review protocol.

JM and HP searched the PubMed, CINAHL, and PsycInfo
databases for articles published from January 1, 1996, through
April 6, 2022, that met the following inclusion criteria: (1) the
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publication described conducting an MI intervention, (2) the
intervention was incorporated into an automated mobile or
electronic health platform, and (3) the article reported behavioral
or health outcomes.

The exclusion criteria were as follows: (1) the article was
published in a language other than English and (2) the Ml
intervention was administered only in-person (ie, no mHealth
or eHealth element).

We used the following search string to identify potentially
eligible articles: ((“mHeath” OR (“m-Health”)) OR ((“text
message’) OR (“text-message”) OR (“text messaging”) OR
(“text-messaging”) OR (“ehedlth”) OR (“e-hedth”) OR
(“web-based”) OR (“electronic health™) OR
(“technology-based”)) AND ((“motivational interviewing”) OR
(“motivationa interview”) OR (“intrinsic motivation”)) AND
(“intervention”).

Wereviewed thereferencelists of identified articlesand authors
files for additiona studies missed by the search criteria. HP
reviewed abstracts and full-length articles. HP last searched the
literature for articlesto include in thisreview on April 6, 2022.

HP used Microsoft Excel (Microsoft Corp) to abstract the
following data for each study: type of data collected
(quantitative, qualitative, or mixed), study design, theoretical
or conceptua model, study population, intervention target,
eligibility criteria, intervention description, mHealth tool details,
measures, sample size, sample characteristics, results,
conclusions, and key limitations. Not all articles reported all
data elements; we noted such instancesas“NR” (not reported).
The rows in the spreadsheet were individual articles, and the
columns were individual data elements.

We have summarized the data using tables (Multimedia
Appendix 1 and Multimedia Appendix 2) that are separated by
the age category of participants (ie, younger than 18 years of
age vs 18 years or older) and by the type of outcome (ie,
behavioral vs health outcome). We have also described in the
text the number and percentage of articles that had different
methodological characteristics.

Results

Overview

We identified 34 studies reporting unique TAMIs (Figure 1).
Most were conducted in the United States (n=22) [28-49]. Others
were conducted in the Netherlands (n=4) [50-53], Switzerland
(n=2) [54,55], Germany (n=1) [56], Korea (n=1) [57], Austria
(n=1) [58], Canada (n=1) [59], and New Zedland (n=1) [60].
One study included participants from Germany, Sweden,
Belgium, and the Czech Republic [61]. Detailed information
about each study’s design, population, and outcomesis provided
in Multimedia Appendix 1.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram [27] for the scoping review.
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Conceptual Framework

Studies were based on a variety of conceptual frameworks. Of
the 34 studies, 24 used only MI [28-32,34,35,37-39,
41-44,46,47,49,51,53,54,56,59-61] and the remaining 10 used
aternative  frameworks in  conjunction with Ml
[33,36,40,45,48,50,52,55,57,58] (Multimedia Appendix 1). The
most commonly used conceptual framework other than M1 was
cognitive behavioral therapy (CBT; n=3) [45,50,55].

Study Design

The studies used avariety of designs. Therewere 30 randomized
controlled trials (RCTs), 3 studies that used a nonrandomized
pretest-posttest design with no control group [33,36,59], and 1
randomized experiment whose purpose was to refine the
contents of the TAMI [58] (Multimedia Appendix 1). Control
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groups included active control (n=14) [29,31,34,35,37,
39-41,43,45,47,53,54,57], treatment as usua (n=7)
[28,30,42,44,48,49,60], wait list (n=5) [32,50,52,55,56], or no
treatment (n=4) [38,46,51,61].

Study Population

The study popul ations among the selected studies varied widely
(Multimedia Appendix 1). Studies ranged in size from 10 to
2069 participants (mean 341, median 136). Six studiesincluded
participants between 13 and 18 years of age. One study recruited
from the general population [51], and 2 specifically recruited
individuals with mental health diagnoses [31,32]. The 31
remaining studies focused on individuals who were engaging
in behaviors that increased their risk of either developing new
or exacerbating existing chronic health conditions.
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Purpose

The purpose of the health behavior interventions fell into 2
broad categories (Multimedia Appendix 1). Twenty-seven
interventions were designed to prevent disease among
individualsin the general population or among those engaging
in behaviors that put them at a higher risk of being diagnosed
with a chronic disease [29-31,33,34,36,38-40,42-48,
50-57,59-61]. The remaining 7 interventions were for
encouraging chronic disease management
[28,32,35,37,41,49,58].

Behaviors and Health Outcomes

Targeted health behaviors included the following: substance,
alcohol, or tobacco use (n=24) [29-32,34,36,38-40,42-44,
46-48,50,53-57,59-61]; diet or physical activity (n=2) [51,52];
treatment and medi cation adherence (n=4) [28,35,37,41]; mental
health (n=1) [45]; and risky sexual behaviors (n=2) [33,47]
(Multimedia Appendix 1). One study addressed both substance,
alcohol, or tobacco use and risky sexua behaviors [47]. The
most common chronic disease targeted for self-management
interventions was diabetes (n=2) [28,35]. Targeted health
outcomesincluded control of diabetes (n=2) [28,35], reduction
of HIV viral load (n=1) [41], reduction in depressive symptoms
(n=1) [45], reductionin BMI (n=1) [49], improvement in asthma
symptoms (n=1) [37], and reduction in anorexia symptoms
(n=1) [58].

Delivery

Most studies relied on text messaging or web-based tools to
deliver their intervention (Multimedia Appendix 1). Eight used
automated text messaging [28,33,38-40,46,49,60], 22 used a
web-based intervention [30-32,34,35,41-44,47,48,50-59,61], 1
used an app combined with automated text messaging [36], and
3 used aweb-based intervention and automated text messaging
[29,37,45]. None used human-generated or chat bot—generated
text messaging. Of the 25 studies that used a web-based
intervention or a web-based intervention + text messaging, 8
used the Computerized Intervention Authorizing Software
(CIAS; [62]) [29,30,34,35,37,41,42,47]. Studieswith long-term
engagement often used text message—based interventions.

CIASisamobile or web-based platform designed to create and
launch behavioral health interventions, including those based
on MI. CIAS includes an avatar that is capable of over 50
animated expressions and guides partici pants through questions,
allowing the TAMI to more accurately mimic one-on-one
conversations [29]. All 8 studies that used CIAS and 3 other
studies included an avatar that interacted with participants and
delivered the intervention [29,30,34,35,37,41-43,47,51,53]. In
1 study that included an avatar but did not use CIAS [51],
participants could select either amale or female avatar whose
appearance was designed based on focus group interviews
asking the target population about how they believed a
motivating and reliable avatar would look. The avatar
communicated with speech movements and text displayed in
balloons, and featured a limited number of nonverbal
expressions. Although the avatar + intervention group did not
show asignificant improvement in the target outcome compared
to the content-identical intervention without the avatar, the
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authors noted that the avatar had limited relational skills that
may have precluded the development of a strong relationship
with the user.

Inclusion of Individuals From Marginalized
Populations

There was considerable variation in the extent to which studies
included members of populations that have been marginalized
(Multimedia Appendix 1). Among the 34 studies, 2 interventions
were specifically designed for use by African American young
people[35,37]. Moreover, 22 studies had sasmplesthat included
an overrepresentation of people from marginalized
sociodemographic groups in the general US population.
Specifically, 14 studies recruited =22% African American
participants[29,31,32,35,37-39,41-43,46-49], whereas African
Americans represent 13.4% of the US population [63]. Five
studies included =30% Hispanic/Latino participants
[28,29,33,44,47], whereas 18.5% of the US population identifies
as Hispanic/Latino [63]. One study reported that 50% of its
participants identified with racial or ethnic groups other than
white [34]. Three studies reported at least 67% of participants
as having limited incomes [42,43,45], dthough TAMIs were
not specifically designed for use by these populations. The
remaining 14 studies had samples that either included fewer
people from marginalized racial or ethnic groups than was
representative in the US population or did not provide
participants’ racial and ethnic information.

Only 3 studies indicated an intent to develop content and
interventions optimized for use by people from marginalized
populations (Multimedia Appendix 1). Two studies described
developing interventions with input from African American
youth or adolescents[35,37]. However, neither of these studies
commented on how the content of their interventions was
adapted to fit the needs of African Americans. One study was
designed to be culturally relevant, appropriate, accessible, and
engaging (ie, for Maori people, New Zealand's indigenous
population) [60].

Addressing Sociocontextual Influences on Health

No studies reported that their intervention was designed to
accommodate challenging sociocontextual factors, such has
having too littleincometo be ableto afford products or services
designed to improve health (eg, gym membership, fresh fruits,
and vegetables).

Description of How TAMIs Affect Behavioral and
Health Outcomes

Of the 34 studies, 30 were RCTs and reported outcomes,
including alcohol consumption, tobacco use, hemoglobin A,
levels, and human immunodeficiency virus viral load (see
MultimediaAppendix 1 for acompletelist). Of these 30 studies,
23 reported that the TAMI resulted in statistically significant
improvements in the target behavioral and health outcomes
[29,32,34,35,37-42,44-48,50,51,53,55-57,60,61] and the
remaining 7 stated that the TAMI had no significant effect on
behavior compared to the control group [28,30,31,43,49,52,54].
No RCTs reported that the TAMI resulted in worse outcomes
compared to controls. The last 4 (out of 34) studies reporting
behavioral and health outcomes used either a pretest-posttest
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design with no control group or a1 group posttest only design
[33,36,58,59]. All reported that the TAMI had a beneficial
impact on promoting the desired health behavior. Eleven of the
34 studies examined feasibility, acceptability, or satisfaction,
in addition to the behavioral or heath outcomes
[29,33,34,36,37,41,44,45,47,49,59]. All reported high participant
ratings for these outcomes.

There were inconsistent reports about the value of adding CBT
or other therapeutic components to an M1 intervention. Some
studies that reported combining M1 and socia determination
theory (SDT) or MI and CBT did not achieve statistically
significant increases in health behavior engagement compared
to traditional web-based interventions [50,52,54]. One study
reported that Ml + CBT had a significant beneficial effect on
alcohol consumption after 6 months [50]. Another study found
that a web-based MI intervention with and without a trained
psychologist coach was equally effective in decreasing the
weekly standard units of alcohol at 6 weeks and 6 months
compared to a wait-list control [56]. Two studies included
in-person M| and reported a decrease in the number of drinking
days in the TAMI group compared to the in-person M| and
treatment asusual groups[44,48]. Finally, 1 study reported that
adding an avatar to a web-based intervention did not
significantly increase self-reported physical activity compared
to the web-based intervention without an avatar [51], and the
avatar did not create a stronger therapeutic relationship with
participants.

Many studies noted that TAMIs could be useful in communities
that have limited accessto health care. Studies that focused on
these communities or had many participants from these
communities reported generally positive results, that is, the
TAMI produced statistically significantly higher engagement
in health promotion behaviorsthan the control treatment. Three
studies designed specifically for underserved populations all
reported that the TAMI intervention was more successful at
promoting the desired target behavior than the control
[35,37,60]. Specifically, 1 study noted that the intervention,
which was designed specifically for the needs of Maori (New
Zedland's indigenous population) and non-Maori Pacific
audiences, was equally effective for both populations and across
different age groups[60]. Of the 18 studies reporting behavioral
or health outcomes in a large proportion of participants who
were racial or ethnic minorities or had limited incomes, 15
showed increases in engagement in healthy behaviors or better
health outcomes [29,32-35,37-39,41,42,44-47,60]. Studies
designed specifically for underinvested communities reported
more successin promoting behavior change compared to studies
that were not designed specifically for underinvested
communities.

Discussion

Principal Findings

This scoping review extends prior work [23] by examining the
following: (1) to what extent haveindividualsfrom marginalized
sociodemographic groups been included in research on TAMI s;
(2) how TAMIs offset sociocontextual influences on health,
such as challenges imposed by the built environment or
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economics; and (3) how TAMIs may affect behavioral and
health outcomes. The 34 studies reviewed here suggest that
TAMIs likely improve heath promotion and disease
management behaviors, and health outcomes. However, the
diversity in study designs, populations, and target behavioral
or health outcomes preclude aformal meta-analysisat this point
intime. Theimpact of TAMIson health may be stronger among
marginalized sociodemographic groups, including people from
racial and ethnic minority backgrounds and those with low
incomes. Although TAMIshave generally led to improvements
in health promotion behaviors compared to control conditions,
to date, TAMIs have been developed for a limited scope of
health behaviors, theinclusion of individualsfrom marginalized
sociodemographic groups has been minimal, and their impact
on sociocontextual factorsis not well understood.

Twenty-three studies reviewed reported that TAMIs were
associated with statistically significant improvementsin health
promotion and disease management behaviors. However, 10
studies combined MI with other therapeutic approaches, like
CBT, or intervention elements, such as counselor-mediated
chat, that prevented an assessment of the unique impact of the
TAMI. It is important to understand how these various
therapeutic frameworks affected the results to identify what is
necessary for asuccessful eHealth intervention. An experiment
using the multiphase optimization strategy (MOST) design
would allow investigatorsto parse which combination of several
intervention components yields the greatest benefit for patients
[64].

With the advent of more sophisticated technologies, such as
machine learning and artificial intelligence, there have been
many technological advancements in recent years, including
the development of avatars capable of more personalized
interactions and greater relational skills [24]. In fact, study
participants who interact with a human-like virtual character
may feel stronger social relations compared to interacting only
with a plain text-based interface [65]. Yet, no study has
specifically examined whether avatarsimprove an intervention’s
target health behavior, despite calls [51] for future research to
examine the effects of an avatar with more complex relational
features. Such research may have implications for future uses
of virtual reality, automated counseling or counselors, and other
technological advancements for behavioral counseling, and
offer a unique perspective on the importance of replicating
human conversation in mHealth counseling technol ogies [66].

Scope of Health Behaviors and Outcomes Addressed by
TAMIs

A magjority of studiesfocused on substance, alcohal, or tobacco
use (n=24), with the next most common behaviora targetsbeing
treatment or medication adherence (n=5) and diet or physical
activity (n=2). Thisis consistent with the key health behaviors
identified by the Centersfor Disease Control and Prevention as
being critical to promoting health and preventing chronic
diseases [1]. However, there is potential to increase the scope
of TAMI interventions. Health screenings can be critically
important for detecting early diseasein healthy populationsand
for preventing disease progression in populations with chronic
health conditions [1,67]. For example, some studies screened
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for health metrics, such asBMI and hemoglobin A4, which are
very important for preventive screening [28,49]. In addition,
health screenings are particularly important for high-risk
populations, such as the nearly 17 million cancer survivors
living in the United States [68], many of whom are vulnerable
to experiencing the |l ate effects of toxic treatments[69] but who
may not be aware of the need to be screened. TAMIs that
promote screening behaviors, particularly among cancer
survivors, should be designed and tested. Such interventions
may be particularly impactful for survivors of childhood cancers,
who experience significant premature morbidity and mortality
[70].

Inclusion of Individuals From Populations That Have
Been Marginalized

Few of the studies reviewed were intentionally designed for
marginalized sociodemographic groups. Although 59% (20/34)
of the studies reviewed included an overrepresentation of
individuals from marginalized groups, only 2 studies [37,60]
explicitly stated that they received input from the marginalized
communities for which the intervention was designed (ie,
African American [37], and Maori and non-Maori Peacific
individuals [60]). Only 2 studies included over 67% of
individuals with low incomes [43,45]. However, no study
addressed other factors, such as socioeconomic status, age, and
sexual or gender identity. This is important because many of
the studies reviewed suggested that TAMIs have the potential
to be particularly beneficial for marginalized communities. For
example, a study involving an MI intervention that was
culturally tailored for Hispanic/L atino participants reported that
“nearly al participants (95%) said that understanding their
culture wasimportant to understanding their drinking behavior”
[71]. Thissuggeststhat TAMIsthat consider the uniqueinterests
and needs of marginalized populations may have a more
beneficial and sustainable impact than standard MI [20]. In
addition, Ml may be highly efficaciousin minority populations
due to its autonomy supportive approach rather than the
authoritarian approach, which can trigger feelings of
stigmatization and marginalization, that is commonly found in
behavior change interventions [72,73]. However, research is
needed to confirm this hypothesis. It also suggests that further
studies that are more inclusive of marginalized participants are
needed, so that the benefits of MI for groups that are at the
greatest risk of experiencing health disparities can be better
evaluated and, if appropriate, translated into practice and policy
change.

Address Strategies for Overcoming Sociocontextual
Barriers

In the studies we identified, there was scant attention to
sociocontextual factorsthat shape and constrain people's ability
to engage in health promotion behaviors outside of race and
ethnicity. This dearth of research is concerning, because it
represents amissed opportunity to understand therole of TAMIs
in overcoming powerful barriersto health behavior change[74].
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For example, a TAMI focused on improving dietary behavior
among people with low incomes might be more effective if
information and other resources are provided to enable people
living in food desertsto access fresh fruits and vegetables more
easily. Similarly, a TAMI might offer information about
strategies for exercising safely to people who indicate that they
livein aneighborhood that is not conducive to outdoor exercise
and cannot afford a gym membership.

Comparison With Prior Work

A previous systematic review of TAMIsdid not examine health
outcomes or the potential relevance of TAMIs to people from
marginalized or underserved sociodemographic groups [23].
Our research extends that work by evaluating these important
characteristics. In addition, our findingsindicating that TAMIs
may be effective for improving health behaviors are consi stent
with the findings of previous reports [23].

Limitations

This review should be considered in light of the following
limitations. First, our analysis may have been limited by
publication bias. While we found that a majority of studies
reported positive results, those with negative results might
remain disproportionately unpublished. The identified studies
were also quite heterogeneous in populations, interventions,
and outcomes assessed, restricting the conclusions that can be
drawn when considering the results in aggregate. In addition,
similar to a2016 systematic review [23], only 1 study included
a counselor-mediated M1 group, so we are unable to report the
efficacy of TAMIs compared to traditional M1 interventions
[23]. However, reports that TAMIs produce more beneficial
changesin health promotion and disease management behaviors
compared to no treatment or treatment as usua are critical,
becausetraditional M| interventionsare very costly and difficult
to disseminate widely.

Conclusions

M1 hasbeenlargely successful ininfluencing positive behavioral
change. Given therapid increasein technological advancements
in recent decades, TAMIsoffer a low-cost and accessible
platform to help patients improve their health. The results of
this scoping review suggest that TAMIs are likely an effective
way to promote positive behavioral change for the prevention
and management of chronic diseases. TAMIs may hold
particular promise for improving the health of marginalized
communities, but few studies have described tailoring TAMIs
in a culturally relevant, appropriate, or meaningful manner. In
addition, no studies we reviewed addressed major
sociocontextual factorsthat shape and constrain people's ability
to initiate and maintain changes in health behaviors. Studies
that are more inclusive of communities that have been
marginalized or underserved and that adequately address the
sociocontextual factors shaping health could help reduce health
disparities.
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Abstract

Background: Prevalence of diabetes has steadily increased over the last few decades with 1.5 million deaths reported in 2012
alone. Traditionally, analyzing patients with diabetes has remained a largely invasive approach. Wearable devices (WDs) make
use of sensors historically reserved for hospital settings. WDs coupled with artificial intelligence (Al) algorithms show promise
to help understand and conclude meaningful information from the gathered data and provide advanced and clinically meaningful
analytics.

Objective: This review aimed to provide an overview of Al-driven WD features for diabetes and their use in monitoring
diabetes-related parameters.

Methods: We searched 7 of the most popular bibliographic databases using 3 groups of search terms related to diabetes, WDs,
and Al. A 2-stage process was followed for study selection: reading abstracts and titles followed by full-text screening. Two
reviewersindependently performed study selection and data extraction, and disagreements were resolved by consensus. A narrative
approach was used to synthesize the data.

Results: From aninitial 3872 studies, we report the features from 37 studies post filtering according to our predefined inclusion
criteria. Most of the studies targeted type 1 diabetes, type 2 diabetes, or both (21/37, 57%). Many studies (15/37, 41%) reported
blood glucose as their main measurement. More than half of the studies (21/37, 57%) had the aim of estimation and prediction
of glucose or glucose level monitoring. Over half of the reviewed studies looked at wrist-worn devices. Only 41% of the study
devices were commercially available. We observed the use of multiple sensors with photoplethysmography sensors being most
prevalent in 32% (12/37) of studies. Studies reported and compared >1 machinelearning (ML) model with high levels of accuracy.
Support vector machine was the most reported (13/37, 35%), followed by random forest (12/37, 32%).

Conclusions: This review is the most extensive work, to date, summarizing WDs that use ML for people with diabetes, and
provides research direction to those wanting to further contribute to this emerging fiel d. Given the advancementsin WD technologies
replacing the need for invasive hospital setting devices, we see great advancement potential in thisdomain. Further work is needed
to validate the ML approaches on clinical data from WDs and provide meaningful analytics that could serve as data gathering,
monitoring, prediction, classification, and recommendation devices in the context of diabetes.

(J Med Internet Res 2022;24(8):€36010) doi:10.2196/36010
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Introduction

Background

Diabetes, also known as diabetes mellitus, isametabolic disease
characterized by elevated blood glucose levels, which can
ultimately result in many complications such as heart attack,
stroke, kidney failure, leg amputation, vision loss, and nerve
damage [1]. Asthe world embarks on a centennia anniversary
since the development of insulin to manage glucose levels of
peoplewith diabetes, we have seen remarkabl e advances during
these 100 years, with improved life expectancy and quality of
life[2]. Noncommunicable diseases such as metabolic syndrome
and diabetes continue to be among the leading causes of
disability and mortality [3]. The number of cases and their
prevalence have steadily increased over the last few decades.
According to the World Health Organization, 1.5 million people
died in 2012 alone because of diabetes, with an additional 2.1
million deaths caused by a higher than optimal blood glucose
level, resulting in increased risks of cardiovascular and other
diseases. A total of 463 million people, globally, were affected
by type 2 diabetes (T2D) mellitus in 2019. Furthermore, it is
predicted that 700 million individuals would develop diabetes
by 2045 [4]. Although the World Heath Organization
acknowledges that there is no one fixed solution and that a
coordinated multicomponent intervention is needed, it outlines
technology as one of the key stakeholdersin reducing theimpact
of diabetes in addition to input from governments, health care
providers, people with diabetes, civil society, food producers
and manufacturers, and suppliers of medicine[1].

Despite the advancements in blood glucose monitoring
techniques, the mainstream detection technol ogy remainslargely
invasive. The commonly used home electronic glucometers
involve people with diabetes invasively self-pricking to draw
blood from fingertips, opening them up to infections aswell as
stress and pain caused by the procedure that is often expected
multiple times a day.

The availability and advancements of smart devices, such as
smartphones, have made the monitoring of diabetes-related
features more accessible. Many studies have examined this
much welcomed technology [5,6]. These normally require the
use of an external attachable sensor, and monitoring is then
delivered viaan app or aseparate continuous glucose monitoring
(CGM) device, which can still be semi-invasive and require a
connection range via Bluetooth or Wi-Fi signals. The use of
completely noninvasive technology in the form of wearable
devices (WDs) for regulating and monitoring glucose levelsfor
peoplewith diabetesisafairly new concept andisinitsinfancy.
Commercially available devices, such as smart watches and
smart bands, can take measurements using sensors that
researchers have reported on their usefulness in diabetes
monitoring [7,8]. Such technol ogies can be affordable and easily
accessible, and when used properly, can improve the quality of
life of patientsin anoninvasive manner. With their widespread
commercial use and acceptance owing to their fashionable
nature, globally researchers have aunique opportunity to provide
medical care away from hospital settings and bulky invasive
hardware in an affordable manner without requiring expert
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assistance. WDs have an increasing capacity, athough not at
the level of smartphones, to gather, store, transmit, and process
data; the features can then be used for management, treatment,
assessment, and sometimes even prediction. Furthermore, many
WDsarenormally connected viaWi-Fi or Bluetooth to external
devices, such asasmartphone, where computationally expensive
processing is performed for the simple purpose of storage or as
a gateway to cloud spaces. Cloud storage can facilitate
monitoring by clinicians without the need of hospitalization.
Several useful sensors already exist incorporated into WDs
similar to those of smartphones, including electrocardiogram
(ECG), photoplethysmography, galvanic skin response, near
infrared, and accelerometer sensors. WDs have additional
advantages when it comes to sensing physiological signs, such
as heart rate, ECG, and skin temperature. Thisislargely owing
to their close contact with the wearer, which is of particular
interest when monitoring diabetes-related metrics.

Artificial intelligence (Al) is abroader term that encompasses
machinelearning (ML). Technically, ML isasubset of Al, often
loosely used interchangeable buzzwords. As a high-level
definition, Al is anything related to making machines smarter
(eg, computational search algorithms). ML, on the other hand,
is an Al system that can self-learn via an algorithm, and as a
result, such a system becomes smarter without human
intervention over time (eg, classifying an outcome) [9]. Deep
learning, on the other hand, isanother branch of Al that attempts
to mimic the human brain in terms of how it processes large
amounts of data and has already shown success rates in areas
such as diabetic retinopathy screening [10]. ML principleshave
been applied in clinical settings to build algorithms to support
predictive models for the risk of development of diabetes[11].
Al has also been shown to provide useful management toolsto
deal with large amounts of data[12]. Owing to the large amount
of data measurable through continuous monitoring via
wearables, Al can be used to further analyze the acquired data.
This can help to understand and draw meaningful information
from the gathered data and provide advanced and clinically
meaningful analytics. Many researchers have adapted existing
WDs not originally intended for diabetes management and
adapted the sensory information for use in diabetes-related
metrics, and some have created prototypes especially designed
for diabetes [13,14]. WDs are used for a variety of reasons,
including monitoring, prevention, glucose estimation,
diagnostics, classification, and prevention, but the number of
studies that are reported are low in comparison with those that
make use of smartphones for example. With the increased
potential outreach of WDs globally, especially when combined
with the ever-expanding field of Al-incorporating ML
algorithms, the correct management of large amounts of data
and processing with ML algorithms holds great potential for
quality-of-life improvement in people with diabetes [15].

Research Problem and Aim

Many studies have been conducted on Al-based WDs for
diabetes. Exploring the features of Al-based WDs reported in
these studies is important for developers, patients, health care
providers, and researchers to identify the recent advances and
challengesinthisarea. Although several reviewswere conducted
in this area, (1) they were focused on smartphones and Al for
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diabetes[16-18], (2) they werefocused on WDsin general rather
than Al-based WDs [17,19], and (3) they did not summarize
the features of Al-based WDs in a thorough manner [16-19].
Therefore, we aimed to explore the features of Al-based WDs
for diabetes asreported in previous studies. We believe that this
review will allow devel opersand researchersto advance further
in this field by highlighting the gaps and opportunities.

Methods

Overview

This scoping review was carried out to satisfy thisstudy’sgoals
of exploring features of Al-driven wearable technologies for
diabetes. In order to construct a complete scoping review, the
PRISMA-SR (Preferred Reporting Items for Systematic
Reviews and Meta-Anayses extension for Scoping Reviews)
[20] was used as a guiding approach. The PRISMA-ScR
checklist is shown in Multimedia Appendix 1.

Sear ch Strategy

Search Sources

The article search for this review began by identifying all
relevant studies using 7 electronic databases. MEDLINE,
PsycINFO, EMBASE, IEEE Xplore, ACM Digita Library,
Web of Science, and Google Scholar. We scanned the first 100
hits retrieved by searching Google Scholar. The reason being
Google Scholar typically returns several items that are sorted
by relevance to the search topic. Bibliographic collection was
conducted from October 25 to October 30, 2021. The reference
lists of the included articles were then searched for additional
sources. We al so checked relevant articlesthat cited theincluded
studies using Google Scholar's “cited by” tool (forward
reference list checking).

Textbox 1. Inclusion and exclusion criteria.

Ahmed et &

Search Terms

A number of different sets of keywordswere designed to search
databases depending on each database’s search term limit; as
| EEE and Google Scholar have term limits, search querieswere
truncated based on the required limit. We considered the
research topicsincluded in the database to complete our search
gueries. We combined Diabetic OR Diabetes keywords
describing the relevant popul ation (people with diabetes), with
each kind of relevant intervention to wearables (wearable* OR
smart watch* OR smart* OR smartwatch* OR fitness band*
OR flexible band* OR wristband* OR smart insole* OR
bracelet*) and Al (Artificial Intelligence OR Machine Learning
OR Deep Learning OR Decision tree OR K-Nearest Neighbor*
OR Support vector machine* OR Recurrent neural network*
OR convolutional neural network* OR Artificial neural
network* OR Naive Bayes OR Naive Bayes OR Fuzzy Logic
OR K-Means OR Random Forest OR LSTM OR autoencoder
OR boltzmann machine OR deep belief network). For example,
the following search terms were applied in Google Scholar:
(Artificial Intelligence OR Machine Learning OR Deep Learning
OR convolutional neural network* OR Artificial neural
network*) AND (wearable* OR smart watch* OR smart*) AND
(Diabetic OR Diabetes). All the databases had search time
period criteria that were enabled and set with the search query
from 2015 to present; in addition, the language checkbox in
each database was set to English only. Full search terms for
each electronic database searched are available in Multimedia
Appendix 2.

Studies were chosen based on the criteria in Textbox 1.
Peer-reviewed articles and published protocols were included
only if they were related to wearables that could be used by an
individual outside of aclinical setting. They also had to use Al
for the purpose of diabetes and be classified as noninvasive.
For full inclusion and exclusion criteriarefer to Textbox 1.

Inclusion criteria
Publications that are in the English language.

Peer-reviewed articles including proposals.

Population with or suspected to have diabetes. No restrictions regarding their age, gender, and ethnicity.
Commercial, medical, or prototypes but with condition wearable device and uses artificial intelligence (Al).

Wearable usable by individua person not with help of clinical staff or plugged in to hospital setting.

o o~ W NP

Wearables using methods for diabetes analysis are to be noninvasive.

Exclusion criteria

Any study that does not contain Al as an intervention.

People with other diseases, health care providers, and caregivers as population.
Not awearable device (example artificial implant or body infused).

Studies opting statistical measures only, for analysis of collected data.

Sensors or tracking devices infused inside a person’s body.

o 0 o~ W NP

Wearable devices that need professional sittings or hospital sittings.
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Study Selection

Thisreview’s studieswere selected in 2 steps. In the first stage,
2 reviewers (AA and SA) independently reviewed thetitlesand
abstracts of al retrieved papers. In the second phase, the same
reviewers individually read the whole texts of the papers
included in the first step. Rayyan (Qatar Computing Research
Institute, Hamad Bin KhalifaUniversity) [21], aweb-based tool
developed for data management for systematic and scoping
reviews, was used to upload all the articles acquired from
databases in a Research Information Systems format; then,
filtering and citations were managed. During thefirst and second
steps of the selection process, any disagreements between the
2 reviewers were resolved through conversation and decisions
were made based on consensus.

Data Extraction

AA and SA constructed the data extraction form, as shown in
Multimedia Appendix 3. The data extraction technique was
carried out independently by 2 reviewers (AA and SA), and any
discrepancies were resolved by discussion and consensus.
Microsoft Excel was used to record the data extracted.

Data Synthesis

SA synthesized the extracted data using the narrative approach,
aggregating the data using tables and text and nonstatistical

Ahmed et &

techniques. For being more precise, we presented the search
results followed by general features of the studies, finally
describing characteristics of the WDs and Al technologies. We
described the general features of WDs (eg, device placement,
type, and operating system [OS]) and their technical features
(ie, features of sensors, such as sensors used, sensing approach,
and primary measurements). The Al features were addressed
based on the models used, the evaluation metrics, and their
applications.

Results

Search Results

Having searched 7 bibliographic databases, this study returned
3872 citations. As shown in Figure 1, atotal of 294 duplicates
were subsequently removed, leaving 3578 unique titles, and
abstracts; publicationsthat did not make use of Al technologies
viaWDs for diabetes management were considered irrelevant.
Of these, we further excluded 3424 citations after screening
their titles and abstracts. Of the remaining 154 references, 117
publications were excluded during the full-text screening. We
wereleft with 37 studies, and this number remained unchanged
even after performing backward and forward reference list
checking. The synthesis included a total of 37 articles
(Multimedia Appendix 4 [7,8,13,14,22-54]).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow chart of the study selection process. EC: exclusion

criteria; IC: inclusion criteria.

)

ACM=452; IEEE=2648; Medline=83;
Embase=213; PsycINFO=1; Web of Science=375;
Google Scholar=100
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—+ 294 duplicates removed

33578 unique titles and abstracts |

3424 publications excluded
after scanning titles and
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Sereening
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- Unavailable: n=7
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General Description of Included Studies

Table 1 highlights the general features of the studies included.
Many of the included studies (27/37, 73%) were published
between 2019 and 2021, with the remaining 27% (10/37)
published between 2016 and 2018. Most of theincluded studies
were published in IEEE (21/37, 57%). A large proportion of
the studieswere authored by ingtitutesin the United States (7/37,
19%), China (5/37, 14%), and India (5/37, 14%). A total of 26

https://www.jmir.org/2022/8/e36010

RenderX
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of the 37 studies (70%) were journal articles, and the remainder
were conference proceedings (11/37, 30%). Most of the studies
targeted type 1 diabetes (T1D), T2D, or both (21/37, 57%),
whereas 32% (12/37) did not specify the type of diabetes and
mentioned diabetes in general. The remainder targeted
prediabetes or a combination of T1D, T2D, and prediabetes
(4/37, 11%). Features of each included study are shown in
Multimedia Appendix 5.
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Table 1. General features of included studies (n=37).
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Features Studies,n  Study ID
(%)
Year
2019 10 (27) $4, S8, S10, S16, S18, S20, S21, S24, S29, S30
2020 9(24) S3, S7, S11, S13, S15, S17, S19, S22, S35
2021 8(22) S5, S9, S12, S14, S25, S27, S28, S33
2018 6 (16) S1, S6, S23, S34, S36, S37
2017 3(8) S2, S26, S32
2016 1(3) 31
Publisher
IEEE 21 (57) S1, S3, S5, S9-S11, S13-S18, S20, S24, S26, S28, S29,
S31, S32, S36, S37
Elsevier 3(8) S2, S12, S22
MDPI 3(8) S6-S8
ACM 2(5) S21, S35

Other (IMIR, IET, ICST, Confluence, BMJ Publishing Group, SPIE,
Telemedicine and e-Health, SAGE)

Country

United States
China

India
Pakistan
Switzerland
Bangladesh

Other (Korea, Colombia, Canada, Morocco, Mexico, Italy, Macedonia,
Sri Lanka, United Kingdom, Russia, Taiwan, Philippines, Saudi Arabia,
Germany)

Publication type

Journal articles

Conference proceedings

Diabetes type studied

Both T1DC and T2D¢

T2D

T1D

T1D, T2D, and prediabetes
T1D and prediabetes
Prediabetes

Not specified

8%(22) $4, S19, S23, S25, S27, S30, S33, S34

7(19) S13, S14, S21, S27, S30, S31, S34

5 (14) S5, S15, S18, S19, S37

5(14) S12, S17, S23, S25, S32

2(5) 3, S20

2(5) 6, S35

2(5) S10, S24

14 (38) %;582' $4,S7, S8, 9, S11, S16, S22, 26, S28, S29, S33,

26 (70) S1-S20, S22, S23, S27, S28, S33, S34
11 (30) S21, S24-S26, S20-S32, S35-S37

9 (24) Sl, S5, S6, S8, S10, S11, S14, S24, S36
7(19) S2-$4, S15, S16, S21, S29

5 (14) S13, S22, S30, S34, S35

2(5) S12, 525

1(3) Ss17

1(3) S27

12 (32) S7, 89, S18, S19, S20, S23, S26, S28, S31, S32, S33, S37

81 study for each publication.
by study for each country.
°T1D: type 1 diabetes.

412D: type 2 diabetes.

Study Design Features

Table 2 outlines details about the studies associated with this
review. More than half of the studies (21/37, 57%) had the aim

https://www.jmir.org/2022/8/e36010
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of estimation and prediction of glucose (10/37, 27%) or glucose
level monitoring (11/37, 30%). A couple of studies had multiple
aims, and the remainder aimed to provide diabetes classification
(4/37, 11%), diagnostic solutions (5/37, 14%),
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self-administration and monitoring (4/37, 11%), and prevention  genders considered in equal proportional in most of the studies
(2/37, 5%). Most of the studies did not mention anything about  (10/37, 27%). Approximately 41% (15/37) of the studies used
security (31/37, 84%); the remainder did specify security diversepopulationsby separating them into people with diabetes
measures taken (6/37, 16%). Participants demographics and people without diabetes. Study design features of each
depicted most of them being adult (18/37, 49%) with both included study are shown in Multimedia Appendix 5.

Table 2. Study design features (n=37).

Features Studies, n (%)  Study ID
Study aim
Blood glucose estimation (predictions) 10 (27) S3, S18, S19, S21, S23, S25, S27, S28, S32, S33, S37
Glucose level monitoring 10 (27) S7-S11, S15, S20, S24, S26, S30
Diagnostic solution 5(14) 4, S29, S33, S34, S35
Diabetes classification 4(11) S12-S14, S17
Self-administration and monitoring 4(11) S1, S5, S6, S31
Prevention 2(5) S2, S16
Other disease predictions, detection, and monitoring (hypo- 2 (5) S22, S36

glycemia and foot temperature)

Privacy and security

Not mentioned 31(84) S1-S22, S24-S26, S29, S30, S34-S37
Mentioned 6 (16) S23, S27, S28, S31, S32, S33
Data source
Private 25 (68) S2, S3, S5, S7, S8-S19, S21, S22, S24, S26, S29, S34-S37
Public 4(11) S1, $4, S6, S25
Not mentioned 2(5) S20, S30

Participant demographics

Agegroup (years)?
Children and young adults (<18) 1(3) 8
Adult (19-65) 18 (49) S2-S5, S8, S10, S13, S15, S16, S17, S19, S21, S22, S27, S29, S31,
S33, S34
Older adult (>65) 6 (16) S2, 4, S15, S21, S22, S33
Not mentioned 19 (51) S1, S6, S7, S9, S11, S12, S14, S18, S20, S23-S26, S28, S30, S32,
S35-S37
Gender
Male 10 (27) S2, S3, S5, S13, S15, S17, S18, S27, S29, S34
Female 10 (27) S2, S3, S5, S13, S15, S17, S18, S27, S29, S34
Not mentioned 27 (73) S1, $4, S6-S12, S14, S16, S19-S26, S28, S30-S33, S35-S37
Diabetes’
Yes 14 (38) S1, $4, S5-S7, S10, S12, S14, S15, S18, S19, S21, S27, S34, S36
No 15 (41) S1, S5, S6, S8-S10, S12, S14, S18, S19, S27, S29, S31, S33, S36
Not mentioned 17 (46) S2, S3, S11, S13, S16, S17, S20, S22-S26, S29, S30, S32, S35,
S37

3N umbers do not add up as participants in some studies belong to more than one age group.
BN umbers do not add up as participants in some studies were diabetic and nondiabetic.
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Features of WDs

General Features of Wearables

Table 3 highlights the general features of WDs; some studies
used multiple devices. Only 41% (15/37) of the studies used
commerciadly available WDs, whereas 59% (22/37) used
prototypes. Most of the studies (22/37, 59%) included
wrist-worn devices. In most of the studies, the device type was
in the form of a wearable sensor (14/37, 38%), followed by
smartwatch (8/37, 22%) and smart wristband (9/37, 24%). Only
one study reported a smart sock and another reported smart
clothes. Among the developed wearable technologies used,
Empatica E4 was the most cited (6/37, 16%), followed by
Glutrac (3/37, 8%). For OSs, most of the studies reported
deviceseither directly or indirectly compatible with iPhone OS
and Android OS 43% (16/37); OS was not mentioned in alarge
number of studies (11/37, 28%), and 8% (3/37) mentioned
Android only and 5% (2/37) mentioned iPhone OS only. For

https://www.jmir.org/2022/8/e36010
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gateway (ie, ahardwarethat actsasa“ gate” between 2 networks
or any device that enables traffic to flow in and out of the
network), many of the studies did not mention any sort of
gateway (17/37, 46%). Most of the studies that mentioned a
gateway used asmartphone (16/37, 43%). Host devices (devices
wherethe actual manipulation of collected datawas performed,
ie, processing) were used in many of the studies, the most
popular being cloud-based (18/37, 49%), many did not report
any use of a host device (8/37, 22%), and smart devices were
mentioned in 16% (6/37) of studies. For the purpose of
transferring data (mode of data transfer) from the WD, the
majority of devicesreported Bluetooth asthe means of transfer
(19/37, 51%); 19% (7/37) of studies did not mention the mode
of transfer. A total of 16% (6/37) of studies reported the use of
some form of internet connection as the mode of transfer (ie,
Wi-Fi or mobile network). Features of WDs for each included
study are shown in Multimedia Appendix 5.
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Table 3. General features of wearable devices (n=37).
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Features

Studies, n (%) Study ID

Technology status
Prototype

Commercial
Devicetype
Smart clothes
Smart socks
Smart watch
Smart watch and wearable sensor
Smart wristband
Smart wristband, smart footwear, and smart neckband
Wearable sensor
Placement
Body
Chest
Finger
Foot
Hand
Wrist

Wrist and arm
Wrist or thigh
Wrist, foot, and neck

Arm and body

Device technology?®
Actigraph
Arduino Nano
Basis Peak
FreeStyle Libre Flash
Medtronic Zephyr
Dexcom G4 Platinum (Professional)
Empatica E4
Glutrac
Mi band 2
Raspberry Pi Zero
Pebble
Custom
Not mentioned
Operating s,ystemb
Android
ios*®

Microsoft

22 (59)

15 (41)

1(3)
1(3)
8(22)
2(5)

9 (24)
2(5)
14 (39)

1(3)
1(3)

5 (14)
6 (16)
1(3)
18 (49)

1(3)
1(3)
2(9)
1(3)

1(3)
1(3)
1(3)
2(9)
1(3)
1(3)

6 (16)
3(8)
1(3)
2(9)
1(3)
2(9)
18 (49)

3(9)
2(5)

1(3)

S1, S3-S5, S8-S11, S16, S17, S20, S23, S24, S26, S28-S33, S36,
S37

S2, S6, S7, S12-S15, S18, S19, S21, S22, S25, S27, S34, S35

S1

S31

S2, S7, S14, S15, S18, S19, S28, S35

S21, S24

$4, S6, S12, S13, S25, S27, S30, S33, S34

S23, S32

S3, S5, S8-S11, S16, S17, S20, S22, S26, S36, S37

S1

S11

S3, S8, S17, S20, S26

S5, S9, S16, S29, S31, S36
S10

$4, S6, S7, S12-S15, S18, S19, S24, S25, S27, S28, S30, S33-
S35, S37

S21

S2

S23, S32
S22

S21
S24

S22, S35

S22

S21

S12, S13, S14, S25, S27, S35

S15, S18, S19

S6

S8, S16

S2

526, S28

S1, S3-S5, S7, S9-S11, S17, S20, S23, S29-S33, S36, S37

S2, S8, S16
9, S11

S31
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Features Studies, n (%) Study ID
Raspberry Pi os? 13 S24
iOS and Android 16 (43) S6, S7, S12-S15, S17-S20, S22, S23, S26, S28, S30, S32
Any desktop OS 3(8) S25, 27, S29
Any smartphone OS 1(3) S29
Not mentioned 11 (30) S1, S3-S5, S10, S21, S33-S37
Gateway
Smartphone 16 (43) S1, S6, S7, S11-S15, S17-S20, S23, S28, S30, S32
Database servers (Hbase and Hadoop or Spark) 1(3) S33
Adapter 1(3) A
Smartphone or PC 2(5) S25, S27
None 17 (46) S2, S3, S5, S8-S10, S16, S21, S22, S24, S26, S29, S31, S34-S37
Host device
Cloud (MongoDb, Database server, Google) 18 (49) S1, S6, S7, S11-S15, S17-S19, S23, S25, S27, S28, S30, S32,
S33
PC (laptop, desktop, or Microsoft Surface) 4(11) 4, S20, S29, S31
Raspberry Pi 1(3) S24
Smart devices (smartphone, tablet, or PC) 6 (16) S5, S8, 9, S16, S22, S26
None 8(22) $2, S3, S10, S21, S34-S37
Mode of data transfer
Bluetooth 19 (51) S2, S5, S6, S9, S11-S15, S18-S20, S22, S25-S28, S30, S31
Internet (Wi-Fi or cellular or mobile network) 6 (16) S1, S7, S8, S16, S17, S33
Internet (Wi-Fi or cellular or mobile network) and Bluetooth 2 (5) S23, S32
Wired 2(5) S24, 29
Removable media 1(3) 5%
N/A® 7(19) S8, S10, S21, S34-S37

8N umbers do not add up as some studies used more than one wearable device.
BN umbers do not add up as the WD in one study worked on 2 operating systems.

%i0S: iPhone operating system.
dos: operating system.
EN/A: not applicable.

Technical Features of Wearables

Table 4 shows an overview of thetechnical features of the WDs
associated with the studies in this review. Devices were often
reported as having >1 device measure, and we reported these
primary measures along with the measurements used for the
respective studies. We observed that many studies reported
blood glucose (15/37, 41%) followed by temperature (10/37,
27%), heart rate (9/37, 24%) and galvanic skin response (9/37,
24%) as their top primary device measures. Regarding the
second feature shown in Table 4, the majority of the studies
reported on blood glucose as the main measurement studied
(27137, 73%), followed by heart rate or variability (4/37, 11%).

https://www.jmir.org/2022/8/e36010

Most of the studies (28/37, 76%) reported an opportunistic
approach (ie, no input required from the participant) when
obtaining data using the WDs, whereas the remaining (9/37,
24%) used a participatory approach (ie, input required from the
participants). For sensing technologies, various sensors were
used, either built-in to the WD or as wearable sensors, often
reported as >1 sensor per device. We observed a large number
of devices in the studies reviewed reporting
photopl ethysmography sensor use (12/37, 32%), while optical
heart rate was only seen in 5% (2/37) of studies among some
of the other less-reported sensors. Features of WDs for each
included study are shown in Multimedia Appendix 5.
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Table 4. Technical features of wearables (n=37).
Feature Studies, n (%) Study ID

Primary device measure?

Blood glucose 15 (41) S3, S8, S10, S15, S17-S22, S24, S26, S28, S30, S37
Physiological 2(5) S1, S10

Heart rate, heart rate variability, or interbeat interval of the heart 9(24) S6, S11, S14, S22, S23, S32-S35

Galvanic skin response 9(24) S12-S14, S23, S25, S27, S32, S34, S35

Blood volume pulse 6 (16) S12-S14, S25, S27, S35

Acceleration 6 (16) S12-S14, S25, S27, S35

Plantar pressure 5(14) S5, S9, S23, S29, S32, S33

Temperature (skin, foot, shoe, air, or ambient) 10 (27) S12, S13, S16, S23, S25, S27, S32, S34-S36

Step count 2(5) S7, S16

Other (sedentary behaviors, pulse wave information, inertial data, 8(22) S2, A, 9, S16, S21, S23, S31, S32

weight, humidity, activity patterns, frequency of food intake and water,
and ankle edema quantification)

M easurement studied®

Blood glucose 27 (73) S1, S3, S6-S8, S10-S28, S30, S33, S37
Plantar pressure 3(8 S5, S9, S29
Heart rate or heart rate variability 4(11) S28, S33, S34, S35
Other (sedentary behavior, pulse wave, edema, general diabetes 7(19) S2, $4, S31, S32, S34-S36
symptoms, temperature, sleep quality, step counts, and GSR)
Sensing approach
Opportunistic 28 (76) S1, S2, S5, S7, S11-S14, S16-S29, S31-S33, S35-S37
Participatory 9(24) S3, $4, S6, S8-S10, S15, S30, S34
Sensing technology®
Accelerometer 5(14) S2, S13, S14, S21, S27
Photoplethysmography 12(32) S3, S10, S12-S15, S19, S20, S24, S25, S27, S28
Galvanic skin response 8(22) S10, S13, S14, S23, S24, S27, S32, S34
Near infrared 5(14) S3, S17, S18, S28, S37
Electrocardiography 3(8) S11, S18, S22
Continuous glucose monitoring 2(5) S21, S22
Bluetooth 1(3) S6
Pressure sensors 7(19) S5, S9, S23, S29, S32, S33, S36
Infrared thermopile 3(8) S13, S14, S27
Temperature sensor 6 (16) S7, S16, S23, S24, S32, S36
Optical heart rate sensor 2(5) S23, S32
Vibration sensor and flex sensor 2(5) S23, S32
Motion sensor 2(5) S7,S31
Others (physiological sensors, pulse sensor, blood glucoselevel sensor, 6 (16) S1, 4, S7, S8, S16, S31

Raspberry Pi camera, humidity sensor, step count sensor, weight
sensor, stretch sensor, and optical sensor)

3N umbers do not add up as WDs in many studies were used to measures many biomarkers.
BNumbers do not add up as some studies used more than one measure.
®Numbers do not add up as WDs in most studies used more than one sensor.
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Wear ables Char acteristics With Regar d to Diabetes
M easurements

Wearable Technology Status Versus WD Type

Multimedia Appendix 6 further visualizesthe data highlighting
the WD type and whether they are commercial or prototypes.
Wearable sensorswere the most prominent as a prototypewhile

Ahmed et &

smartwatches and smart wristbands were the most common as
commercial.

Diabetes Types Versus WDs

Figure 2 shows the type of diabetes and number of studies
related to each WD type. While most studies did not specify
the type, T1D (as a smart wristband), T2D (as a wearable
sensor), or both (as a wearable sensor or smartwatch) seem to
be the most targeted types.

Figure 2. Diabetestype with regards to wearable device type. PreD: prediabetes; T1D: type 1 diabetes; T2D: type 2 diabetes.

12

10

Number of Studies

T2D

T1D Both PreD

Al and ML Technologies

For the purpose of this study, we categorized the ML agorithms
into 4 categories (classification models, regression models,
neural network—based models, and optimization algorithms)
and those that were not clearly specified by the study authors
were categorized as black boxes (ie, studies that mention they
make use of ML or Al but do not specify any further details of
algorithms used). Many ML technologies were reported that
come under these headings (refer to Table 5 for afull list), and
some studies reported and compared >1 model. Support vector
machine (SVM) was the most reported (13/37, 35%), followed
by random forest (12/37, 32%), k-nearest neighbor (7/37, 19%),
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Naive Bayes (5/37, 14%), and decision trees (4/37, 11%) among
the most used models from classification models. From the
regression models, only linear regression (2/37, 5%) was
reported in acouple of studies, whereas all otherswere reported
by single studies only. Artificial neural networks were reported
in 14% (5/37) of the studies in neural network—based models,
followed by long short-term memory (4/37, 11%), convolutional
neural networks (3/37, 8%), and deep neural networks (3/37,
8%); these networks were used for both classification and
regression purposes. Table 5 also highlights that the majority
of the studies applied the Al and ML technologiesfor either the
purpose of blood glucose level forecasting (12/37, 32%) or
classifying the participants as normal, diabetic, or prediabetic
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(12/37, 32%). Table 6 highlights some of the statistical measures
used to evaluate the ML algorithmswithin the reported studies.
Some studies used multiple statistical techniques for this
purpose, among them were reports of accuracy (20/37, 54%)
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and sensitivity (9/37, 24%). While some studies did not mention
which was the best ML model identified (6/37, 16%), random
forest was reported as the best identified model (7/37, 19%),
followed by SVM (6/37, 16%).
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Tableb. Artificia intelligence (Al)—and machine learning (ML)-related features (n=37).
Features Studies, n (%) Study ID

Al or ML technologies used?®

Classification models

Support vector machine 13 (35) S1, 82,4, S5, 9, S12, S13, S25, S29, S30, S33, S34, S36
Random forest 12 (32) S2, $4, Sb, S7, Sl1, S14, S15, S18, S27, S29, S36, S37
K-nearest neighbors 7(19) S5, 99, S12, S13, S25, S29, S31

Naive Bayes 5(14) S2, S7, S13, S31, S36

Decision tree 4(11) S1, S13, S31, S35

Ensemble learning or ensemble—boosted trees 2(5) S1, S13

Logistic regression 2(5) 2, S11

8 2(5) S2, s7

Linear discriminant analysis or linear discriminant 2(5) 4, S13

Gradient boosting decision trees 2(5) S5, S35

AdaBoost classifier 1(3) S5

ZeroR 1(3) S7

OneR 1(3) s7

Simple logistic regression 1(3) S7

Gaussian Process classifier 1(3) S29

C45 13 S33

Linear ridge Classifier 1(3) S14

Extreme gradient boost 1(3) S12

Regression models

Linear regression 2(5) S3, S16
Support vector regression or Fine Gaussian support vector re- 1 (3) S3
gression
Random Forest regression 1(3) S15
AdaBoost regression 1(3) S15
Multilayer Polynomial regression 1(3) S17
Ensemble—boosted trees 1(3) S3
Exponential Gaussian process regression 1(3) S20
Neural networ k—based models
Artificial Neural Network 5(14) S1, S2, S8, S26, S36
Long short-term memory 4(11) S6, S13, S21, S34
Convolutional Neural Network 3(8) S10, S22, S24
Deep neural networks 3(8) Sl11, S13, S22
Recurrent Neural Network 2(5) S21, S34
Multilayer Perceptron 2(5) S6, S29
Optimization algorithm
Sequential minimal optimization 1(3) S7
L1 norm optimization 1(3) S19
Particle swarm optimization 1(3) S23
ML2black box 30 S19, 523, 532

Application of Al technology used®
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Features Studies, n (%) Study ID
Blood glucose level forecasting 12 S6, S8, S16, S18, S20, S22, S24, S25-28, S34
Blood glucose monitoring 4 11, S30, S32, S37
Classify patients with diabetes (normal, diabetic, and prediabetic) 12 S3, A4, S5, S6, S7, S12, S14, S21, S23, S29, S32, S36
Classify other diseases (patientswith hypertension or hypoglycemia) 2 S33, S35
Evaluation of a developed system 3 S2, S10, S13
Feature selection 2 S3, S5
Performance validation 3 S1, S9, S15
Optimize sensors results 3 S16, S17, S19
Predictions for step count, shoe removal time, or serum glucose 2 S16, S17
Edema monitoring 1 S31

@Numbers do not add up as most studies devel oped more than one Al algorithms.
BN umbers do not add up as Al agorithmsin some studies were used for more than one application.
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Table 6. Statistical evaluation of artificia intelligence and machine learning algorithm (n=37).
Characteristic Value Study ID

Accuracy (%; n=20)

<80 S6, S33
81-90 S15, S21, S28, S35, S36
91-95 S1, S9, S13, S15, S22, S25, S29
>95 $4, S5, S7, S12, S14, S30, S31
Sensitivity (%; n=9)
<80 S35
81-90 $4, S6, S25, S33
91-95 $9, S22
>05 S5, S7
Specificity (%; n=7)
<85 S35
86-90 $9, S22
91-95 S5, S25
>95 4, S7
Area under thecurve (%; n=2)
<91 S22
>01 S35
Clarke Error Grid zone A (%; n=8)
<74 S37
75-80 S19, S10
81-90 S18, S28
>90 S3, S8
Not mentioned S24
Precision (%; n=6)
<80 S6, S33
81-90 SO
91-95 S25
>95 S2, S7
Root mean square error (%; n=4)
<5 S19, 821
5-15 S17
>15 S27
Others, n (%)
8(22) S3, S8, S16, S17, S19, S21, S27, S37
Best model identified, n (%)
Artificial Neural Network 2(5) S8, S26
Convolutional Neural Network 3(8) S10, S22, S24
Deep Neural Networks 4(11) S14, S17, S21, S28
Support Vector Machine 6 (16) $4, S9, S25, S29, S30, S33
Random Forest 7(19) S2, S5, S15, S18, S27, S36, S37
Long Short-Term Memory 1(3) S13
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Characteristic Vaue Study ID
Decision Trees or Gradient Boosting Decision Trees 2(5) S31, S35
K-Nearest Neighbors 1(3) S31
Multilayer Perceptron 1(3) S6
OneR 13 S7
Ensemble 1(3) S1
Support Vector Regression 1(3) S3
Not mentioned 6 (16) S11, S19, S20, S23, S32, S34

Al and ML Versus Wearables Versus Diabetes

Figure 3 showsthe category of the ML algorithm used according
to each WD placement and measurement. Most devices that

made use of classification modelsamong the wrist-worn devices
werethe most prominent. Neural network and regression model
were the least used.

Figure 3. Artificia intelligence (Al) or machinelearning (ML) models used with regard to wearable device placement and measurement studied. CM:

classification model; NN: neura network; RM: regression model.
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Discussion

Principal Findings

Thiswasthefirst study of itskind to the best of our knowledge,
considering the amount of featureswe were ableto extract from
each publication. Thefeatures extracted should give researchers
insight not only into the technologies that are readily available
commercialy but aso into what is possible in the future with
studies we identified that developed prototypes. Our findings
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shed light on this emerging field, which is still in its infancy.
Thisis further highlighted by the fact that 59% (22/37) of the
studiesthat met our inclusion criteriawere prototypes; wewere
only able to identify 41% as commercialy available (as
demonstrated in Multimedia Appendix 6) devices, of which
only (7/15, 46%) studies performed some sort of ML
classification on the extracted data directly from WDs, whereas
(6/15, 40%) studies made use of neural network—based models
with classification to make out of already collected data. Most
of these measured blood glucose on wrist-worn devices and
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used a classification algorithm (Figure 3). Classification models
were widely used (Figure 3) in the reviewed studies, largely
owing to studies attempting to classify types of diabetes (T1D,
T2D, etc). SVM and random forest were the most prevalent
classifiers and exhibited the highest performance. SVM [55] is
extensively used because of its superiority in generalization and
nonlinear function fitting, and it also hasanumber of advantages
when dealing with small-sample studies [56]. Furthermore,
SVM is abinary classifier, and we observed that it is mostly
used on blood glucose level datato determinelevelsfor diabetes
categorization. Aside from the accuracy for demonstrating
efficacy, the Clarke Error Grid was the most commonly used
performance metric, possibly because of its popularity as a
performance metric for assessing blood glucose estimation. The
grid was split into 5 zones, each with varied prediction accuracy
between the estimated and reference blood glucose readings.
The data fell within zone A, which pertains to precise glucose
calculations, where each consecutive zone is thought to have
progressively substantial erroneous estimations [57,58]. Most
of the sensory data being collected especially when looking at
commercialy available devices, did not require any further or
minimal input from the user, meaning the person with diabetes
can get on with day-to-day tasks without having to worry about
taking regular invasive finger pricks for monitoring glucose
levels; for example, while gtill feeling that they are wearing a
stylish item such as a smartwatch. We specifically examined
studies after 2015, as previous studiesrelated to the use of WDs
found that most wearables were used in thisrange [59]. One of
the reasons may be that Fitbit released its first device in 2009
and the Apple Watch followed in 2015; both these devices set
thetonefor WDs, and it isnot surprising that 59% (22/37) from
our review were wrist-worn. A total of 78% (29/37) of the
devices were connected to either a gateway or host device,
usually asmartphone (16/37, 43%) viaeither Bluetooth (19/37,
51%) or Wi-Fi or internet (6/37, 16%); thisis likely owing to
the fact that web-based data are now more affordable and the
availability of low energy connectivity technology such as
Bluetooth. Thisahility to connect hasresulted in more analytics
and data storage being possible on host devices than on
smartphones or directly on the cloud (18/37, 49%) of studies
in this review, compared with limited computing power on the
WD itself. One of the limitations of this is that devices need
continuous connections, which can be anissue, asreported data
can belost if the connection is not maintained for long periods
[60]. We aso observed that many devices used gateways or
host devices, which we believe to be largely because of the
limited computing power of WDs.

Strengths

This review was conducted according to the PRISMA-SCR;
therefore, it can be considered a high standard. Two reviewers
independently conducted the study selection and data extraction.
Webelievethisto bethefirst of itskind study focusing on WDs
targeting diabetes using Al approaches and were unable to
identify previous scoping reviews in the literature that has as
an exhaustive list of features extracted in this field. A
combination of expert research computer scientistsand research
medical practitioners alowed us to explore the current
technologies in depth and highlight gaps in the research
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community. The most popular databases in the health care and
information technology fields were searched; furthermore,
Google Scholar with forward and backward reference list
checking allowed an exhaustive search of theliterature, reducing
therisk of publication bias.

Limitations

Only studies published between 2015 and 2021 in the English
language were included. Furthermore, we did not use Medical
Subject Headings terms in our search; therefore, we may have
overlooked some relevant studies. We excluded devices that
could be classified as WDs, such as electroencephal ogram and
ECG machines, which limited their use in hospital settings. As
our focuswas Al, we excluded any study of WDs and diabetes
that had a dtatistical measurement not considered an Al
approach. Although weincluded alarge number of featuresand
some effectiveness measures, wefall short of critically ng
the quality of each of the included studies—this goes beyond
the scope of our review—and we hope to cover thisin a full
systematic review in the near future on the same topic.

Practical and Research Implications

WDs hold great potential for the self-monitoring of
diabetes-related parameters, and their ability to be paired with
a range of smart devices, including smartphones and general
connectivity to clouds, allows the continuous collection of data
from many biosensorsthat measure vitals and biosignal swithout
user interference. Thefact that they can beworninastylish and
fashionable manner has potential for wider acceptance than
other technologies, such as CGMs. Although many studies have
used WDs for diabetes, we found that ML is till lacking in a
sizable number of these studies. With the limited number of
studies that reported the use of ML, we see great promise,
largely owing to the accuracy levels of the ML algorithms
reported in Table 6. Engineering and data science research
experts need to come together and identify the most common
sensors and technologies and study their effectiveness when
combined with ML approaches. In addition, commercially
available WDs are readily available and therefore sit in waiting
for researchers to conduct studies and apply ML and report
further in scientific journals to prove validity and instill
consumer confidence. Most of the papersidentified in this study
used Al or ML algorithmsfor testing the validity of the system
functioning rather than identifying the approaches that could
be used for the development of such intelligent devices. More
work needs to concentrate on applying known ML algorithms
for the purpose of making more accurate diabetes-related
measurement cal culations. Currently, the number of commercial
devicesassociated with studiesare still very low, aquick search
onretail sitessuch as Amazon revealsmany commercial devices
claiming diabetes-related measurements, which have still yet
to be validated with related studies, and thisis one area where
researchers could get involved. Researchers need to make more
use of purpose-shifted devices as they are lying in wait as
opposed to creating prototypes and testing the effectiveness of
the many commercialy available devices. We encourage
researchersto perform systematic reviewsto assess the efficacy
of Al-based and non—Al-based WDs compared with traditional
medical devices. Some technologiesthat are classified as WDs
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such as CGMs are still classified as semi-invasive asthey allow
the embedding of a sensor partialy into participants' skin, we
feel for wider acceptance especially for home use products the
technology really needs to move away from such sensors and
more studies now need to focus on how measurements can be
obtained from noninvasive sensors such as those available on
commercial smart watches. Further work is also required on
ML algorithms used for diabetes data that can be used on the
WDs as opposed to on host devices, as thiswould reduce some
issues reported such as loss of data owing to WD out of range
with the host device, which will become easier with time asthe
technology advances and WD memories are no longer a
limitation. We suspect there would be less reliance on host
devices for some of the ML computations.

Another areafor exploration isthe use of the internet of things
(1oT); in our search, we found a handful of studies making use
of 1oT. Most 10T papers describe the IoT architecture for
diabetes management without specifying the sensors or WDs
actually used or implemented, and do not go into much (if any)
detail about any ML deployed. There are many opportunities
in this domain; none of the studies were found to make good
use of developed commercial technologies such as Alexa,
Google Home, and Applewatches, which are readily available.
The possihilities here are endless, using a combination of data
gathered from sensors at the WDs with other patients and
personal data in real-time with [0T. This brings along with its
own caveats and the need to incorporate questions of privacy
and data sovereignty arising from the mass data storage in
cloud-based systems and the many interconnected devices and
hospital datacenters; there are issuesthat need to be considered
with the use of data and individual consent. There are also
problems regarding the scope of an individual’s consent to use
their data, as well as potential accountability if the data are
mishandled. There are dangers associated with Al algorithms
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and their misdiagnoses, dangerous advice, or recommendations
that do not correspond to the required standard of care. Data
security breaches or the reidentification of previously
deidentified data may have unintended repercussions.
Furthermore, other ethical issues need to be considered, such
as accessibility, although commercial WDs that are easily and
cheaply available may not be affordable for the masses in
low-income countries. A multidisciplinary effort is required,
including but not limited to engineers, medical practitioners,
and legal experts.

Conclusions

Weinvestigated and reported the current state of WDs and their
features for the purpose of diabetes that use ML approaches.
Considering the availability of consumer-grade biosensors, we
see great advancement potentia in this domain, replacing
hospital setting, invasive devices, especialy when it comes to
monitoring glucose levels. Further clinically significant studies
are needed to ingtill confidence and validate WD use aswell as
the application of ML agorithms on WD data. Researchersand
those wanting to develop Al-based WDs can use our review to
understand where the gaps are in this emerging field. We
encourage readers to use more data and delve deeper into the
studies we have identified in order to establish, validate, and
repeat studies that showed high accuracy. There is still much
work needed, and we feel our review has provided the most
extensivework so far summarizing WDsthat use ML for people
with diabetesto date. Finally, researcherswill aso benefit from
our study as they can embark on longer and better populated
systematic studies scrutinizing the benefits of WDs as data
gathering, monitoring, prediction, classification, and
recommendation devicesin the context of diabetes. We envisage
several follow-up studies, starting with afull systematic review
from our own group.

The authors would like to thank Weill Cornell Medicine-Qatar for making this study possible.

Conflicts of Interest
None declared.

Multimedia Appendix 1

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist.

[DOCX File, 84 KB - jmir_v24i8e36010_appl.docx ]

Multimedia Appendix 2
Full search terms and strings table.
[DOCX File, 14 KB - jmir_v24i8e36010_app2.docx ]

Multimedia Appendix 3
Data extraction form.
[DOCX File, 17 KB - jmir_v24i8e36010_app3.docx ]

Multimedia Appendix 4
Study reference table.

https://www.jmir.org/2022/8/e36010

JMed Internet Res 2022 | vol. 24 | iss. 8 [e36010 | p.119
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v24i8e36010_app1.docx&filename=2005800054aa04dfd3252d863916a26f.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e36010_app1.docx&filename=2005800054aa04dfd3252d863916a26f.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e36010_app2.docx&filename=6602aa745dfe9579d9c002d01bf36e05.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e36010_app2.docx&filename=6602aa745dfe9579d9c002d01bf36e05.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e36010_app3.docx&filename=7e5bd36162085ee217956b82ca2e9fe9.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e36010_app3.docx&filename=7e5bd36162085ee217956b82ca2e9fe9.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ahmed et &

[DOCX File, 33 KB - jmir_v24i8e36010_app4.docx ]

Multimedia Appendix 5
Data extraction sheet.
[XLSX File (Microsoft Excel File), 25 KB - jmir_v24i8e36010 app5.xIsx ]

Multimedia Appendix 6
Wearable technol ogies status with regard to wearable device technologies.
[PNG File, 93 KB - jmir_v24i8e36010_app6.png |

References

1.  Global report on diabetes. World Health Organization. URL: https://apps.who.int/iris/bitstream/handle/10665/204871/
9789241565257_eng.pdf) [accessed 2021-11-02]

2. SimsEK, Carr AL, Oram RA, DiMeglio LA, Evans-MolinaC. 100 years of insulin: celebrating the past, present and future
of diabetestherapy. Nat Med 2021 Jul 15;27(7):1154-1164 [FREE Full text] [doi: 10.1038/s41591-021-01418-2] [Medline:
34267380]

3. WanglL, Li X, Wang Z, Bancks MP, Carnethon MR, Greenland P, et a. Trends in prevalence of diabetes and control of

risk factorsin diabetes among US adults, 1999-2018. JAMA 2021 Jun 25;326(8):704 [FREE Full text] [doi:

10.1001/jama.2021.9883] [Medline: 34170288]

About diabetes. International Diabetes Federation. URL: https:/tinyurl.com/349dbcau [accessed 2022-07-20]

Alves S, Matos AG, Almeida JS, Benevides CA, Cunha CC, Santiago RV, et a. A new strategy for the detection of diabetic

retinopathy using a smartphone app and machine learning methods embedded on cloud computer. In: Proceedings of the

2020 |EEE 33rd International Symposium on Computer-Based Medical Systems (CBMS). 2020 Presented at: 2020 |IEEE

33rd International Symposium on Computer-Based Medical Systems (CBMS); Jul 28-30, 2020; Rochester, MN, USA.

[doi: 10.1109/cbms49503.2020.00108]

6. ChakravadhanulaK. A smartphone-based test and predictive models for rapid, non-invasive, and point-of-care monitoring
of ocular and cardiovascular complications related to diabetes. Informatics Med Unlocked 2021;24:100485. [doi:
10.1016/j.imu.2020.100485]

7. Ramazi R, Perndorfer C, Soriano E, Laurenceau JP, Beheshti R. Multi-modal predictive models of diabetes progression.
In: Proceedings of the 10th ACM International Conference on Bioinformatics, Computational Biology and Health Informatics.
2019 Presented at: BCB '19: 10th ACM International Conference on Bioinformatics, Computational Biology and Health
Informatics; Sep 7 - 10, 2019; NiagaraFallsNY USA. [doi: 10.1145/3307339.3342177]

8. PrabhaA, Yadav J, Rani A, Singh V. Non-invasive diabetes mellitus detection system using machine learning techniques.
In: Proceedings of the 2021 11th I nternational Conference on Cloud Computing, Data Science & Engineering (Confluence).
2021 Presented at: 2021 11th International Conference on Cloud Computing, Data Science & Engineering (Confluence);
Jan 28-29, 2021; Noida, India. [doi: 10.1109/confluence51648.2021.9377138]

9. Caderaro J, Seraphin TP, Luedde T, Simon TG. Artificial intelligence for the prevention and clinical management of
hepatocellular carcinoma. J Hepatol 2022 Jun; 76(6):1348-1361. [doi: 10.1016/j.jhep.2022.01.014] [Medline: 35589255]

10. Grzybowski A, BronaP, Lim G, Ruamviboonsuk P, Tan GS, Abramoff M, et a. Artificial intelligence for diabetic retinopathy
screening: areview. Eye (Lond) 2020 Mar 05;34(3):451-460 [ FREE Full text] [doi: 10.1038/s41433-019-0566-0] [Medline:
31488886]

11. Ellahham S. Artificia intelligence: the future for diabetes care. Am J Med 2020 Aug;133(8):895-900. [doi:
10.1016/j.amjmed.2020.03.033] [Medline: 32325045]

12. Contreras|, Vehi J. Artificial intelligence for diabetes management and decision support: literature review. J Med Internet
Res 2018 May 30;20(5):€10775 [FREE Full text] [doi: 10.2196/10775] [Medline: 29848472]

13. Islam M, Manjur SM. Design and implementation of a wearable system for non-invasive glucose level monitoring. In:
Proceedings of the 2019 | EEE I nternational Conference on Biomedical Engineering, Computer and Information Technology
for Health (BECITHCON). 2019 Presented at: 2019 | EEE International Conference on Biomedical Engineering, Computer
and Information Technology for Health (BECITHCON); Nov 28-30, 2019; Dhaka, Bangladesh. [doi:
10.1109/becithcon48839.2019.9063193]

14. LeeE, LeeC. Ppg-based smart wearable device with energy-efficient computing for mobile health-care applications. IEEE
Sensors J 2021 Jun 15;21(12):13564-13573. [doi: 10.1109/jsen.2021.3069460]

15. XieP Li Y, Deng B, DuC, Rui S, Deng W, et al. An explainable machine learning model for predicting in-hospital
amputation rate of patients with diabetic foot ulcer. Int Wound J 2022 May;19(4):910-918 [FREE Full text] [doi:
10.1111/iwj.13691] [Medline: 34520110]

16. Daley BJ, Ni'Man M, Neves MR, Bobby Huda MS, Marsh W, Fenton NE, et al. mHealth apps for gestational diabetes
mellitus that provide clinical decision support or artificial intelligence: a scoping review. Diabet Med 2022 Jan
16;39(1):€14735. [doi: 10.1111/dme.14735] [Medline: 34726798]

a &

https://www.jmir.org/2022/8/e36010 JMed Internet Res 2022 | vol. 24 | iss. 8 [e36010 | p.120
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v24i8e36010_app4.docx&filename=1d4bd8410549d65781f31fd64c82308b.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e36010_app4.docx&filename=1d4bd8410549d65781f31fd64c82308b.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e36010_app5.xlsx&filename=64a303921d156d2acf801e2718e1d184.xlsx
https://jmir.org/api/download?alt_name=jmir_v24i8e36010_app5.xlsx&filename=64a303921d156d2acf801e2718e1d184.xlsx
https://jmir.org/api/download?alt_name=jmir_v24i8e36010_app6.png&filename=67c8cb395a288ac68da053a426d84d0f.png
https://jmir.org/api/download?alt_name=jmir_v24i8e36010_app6.png&filename=67c8cb395a288ac68da053a426d84d0f.png
https://apps.who.int/iris/bitstream/handle/10665/204871/9789241565257_eng.pdf)
https://apps.who.int/iris/bitstream/handle/10665/204871/9789241565257_eng.pdf)
http://europepmc.org/abstract/MED/34267380
http://dx.doi.org/10.1038/s41591-021-01418-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34267380&dopt=Abstract
http://europepmc.org/abstract/MED/34170288
http://dx.doi.org/10.1001/jama.2021.9883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34170288&dopt=Abstract
https://tinyurl.com/349dbcau
http://dx.doi.org/10.1109/cbms49503.2020.00108
http://dx.doi.org/10.1016/j.imu.2020.100485
http://dx.doi.org/10.1145/3307339.3342177
http://dx.doi.org/10.1109/confluence51648.2021.9377138
http://dx.doi.org/10.1016/j.jhep.2022.01.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35589255&dopt=Abstract
http://europepmc.org/abstract/MED/31488886
http://dx.doi.org/10.1038/s41433-019-0566-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31488886&dopt=Abstract
http://dx.doi.org/10.1016/j.amjmed.2020.03.033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32325045&dopt=Abstract
https://www.jmir.org/2018/5/e10775/
http://dx.doi.org/10.2196/10775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29848472&dopt=Abstract
http://dx.doi.org/10.1109/becithcon48839.2019.9063193
http://dx.doi.org/10.1109/jsen.2021.3069460
http://europepmc.org/abstract/MED/34520110
http://dx.doi.org/10.1111/iwj.13691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34520110&dopt=Abstract
http://dx.doi.org/10.1111/dme.14735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34726798&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ahmed et &

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

Rodriguez-Ledn C, Villadonga C, Munoz-Torres M, Ruiz JR, Banos O. Mobile and wearabl e technology for the monitoring
of diabetes-related parameters: systematic review. IMIR Mhealth Uhealth 2021 Jun 03;9(6):€25138 [FREE Full text] [doi:
10.2196/25138] [Medline: 34081010]

Tan CH, Kyaw BM, Smith H, Tan CS, Tudor Car L. Use of smartphones to detect diabetic retinopathy: scoping review
and meta-analysis of diagnostic test accuracy studies. JMed Internet Res 2020 May 15;22(5):e16658 [ FREE Full text] [doi:
10.2196/16658] [Medline: 32347810Q]

Fagherazzi G, Ravaud P. Digital diabetes: perspectives for diabetes prevention, management and research. Diabetes Metab
2019 Sep;45(4):322-329. [doi: 10.1016/].diabet.2018.08.012] [Medline: 30243616]

Tricco AC, LillieE, Zarin W, O'Brien KK, Colquhoun H, Levac D, Tuncalp, et al. PRISMA Extension for Scoping Reviews
(PRISMA-ScR): checklist and explanation. Ann Intern Med 2018 Oct 02;169(7):467-473. [doi: 10.7326/m18-0850]
Ouzzani M, Hammady H, Fedorowicz Z, ElImagarmid A. Rayyan-aweb and maobile app for systematic reviews. Syst Rev
2016 Dec 05;5(1):210 [FREE Full text] [doi: 10.1186/s13643-016-0384-4] [Medline: 27919275]

ChenM, Yang J, Zhou J, Hao Y, Zhang J, Youn C. 5G-smart diabetes: toward personalized diabetes diagnosiswith healthcare
big data clouds. IEEE Commun Mag 2018 Apr;56(4):16-23. [doi: 10.1109/mcom.2018.1700788]

Ceron JD, Lopez DM, Ramirez GA. A mobile system for sedentary behaviors classification based on accelerometer and
location data. Comput Industry 2017 Nov;92-93:25-31. [doi: 10.1016/j.compind.2017.06.005]

Hina A, Saadeh W. A noninvasive glucose monitoring SoC based on single wavel ength photopl ethysmography. IEEE Trans
Biomed Circuits Syst 2020 Jun;14(3):504-515. [doi: 10.1109/tbcas.2020.2979514]

Hao Y, Cheng F, Pham M, Rein H, Patel D, Fang Y, et al. A noninvasive, economical, and instant-result method to diagnose
and monitor type 2 diabetes using pulse wave: case-control study. IMIR Mhealth Uhealth 2019 Apr 23;7(4):e11959 [FREE
Full text] [doi: 10.2196/11959] [Medline: 31012863]

Wang D, Ouyang J, Zhou P, Yan J, Shu L, Xu X. A novel low-cost wireless footwear system for monitoring diabetic foot
patients. |[EEE Trans Biomed Circuits Syst 2021 Feb;15(1):43-54. [doi: 10.1109/tbcas.2020.3043538]

Alfian G, Syafrudin M, ljaz M, Syaekhoni M, Fitriyani N, Rhee J. A personalized healthcare monitoring system for diabetic
patients by utilizing BL E-based sensors and real-time data processing. Sensors (Basel) 2018 Jul 06;18(7):2183 [FREE Full
text] [doi: 10.3390/s18072183] [Medline: 29986473]

Rghioui A, Lloret J, Harane M, Oumnad A. A smart glucose monitoring system for diabetic patient. Electronics 2020 Apr
22;9(4):678. [doi: 10.3390/el ectronics9040678]

Alarcén-Paredes A, Francisco-Garcia V, Guzman-Guzman I P, Cantillo-Negrete J, Cuevas-Vaencia RE, Alonso-Silverio
GA. An |loT-based non-invasive glucose level monitoring system using raspberry Pi. Applied Sci 2019 Jul 28;9(15):3046.
[doi: 10.3390/app9153046]

D'Angelantonio E, Lucangeli L, CamomillaV, Mari F, MasciaG, Pallotti A. Classification-based screening of phlebopathic
patients using smart socks. In: Proceedings of the 2021 |EEE International Symposium on Medical M easurements and
Applications(MeMeA). 2021 Presented at: 2021 |EEE International Symposium on Medical Measurementsand Applications
(MeMeA); Jun 23-25, 2021; Lausanne, Switzerland. [doi: 10.1109/memea52024.2021.9478688]

Gusev M, Guseva E, Poposka L. Design of a non-invasive ECG-based glucose measurement system. In: Proceedings of
the 2020 43rd International Convention on Information, Communication and Electronic Technology (MIPRO). 2020
Presented at: 2020 43rd International Convention on Information, Communication and Electronic Technology (MIPRO);
Sep 28 -Oct 02, 2020; Opatija, Croatia. [doi: 10.23919/mipro48935.2020.9245403]

Prabha A, Yadav J, Rani A, Singh V. Design of intelligent diabetes mellitus detection system using hybrid feature selection
based X GBoost classifier. Comput Biol Med 2021 Sep;136:104664. [doi: 10.1016/j.compbiomed.2021.104664] [Medline:
34329866]

Sevil M, Rashid M, Maloney Z, Hajizadeh |, Samadi S, Askari MR, et al. Determining physical activity characteristics
from wristband data for use in automated insulin delivery systems. IEEE Sens J 2020 Nov 1;20(21):12859-12870 [FREE
Full text] [doi: 10.1109/jsen.2020.3000772] [Medline: 33100923]

Yin H, Mukadam B, Dai X, JhaNK. DiabDeep: pervasive diabetes diagnosis based on wearable medical sensors and
efficient neural networks. | EEE Trans Emerg Topics Comput 2021 Jul 1;9(3):1139-1150. [doi: 10.1109/tetc.2019.2958946]
Tsai C, Li C,Lam RW, Li C, Ho S. Diabetes care in motion: blood glucose estimation using wearable devices. IEEE
Consumer Electron Mag 2020 Jan 1;9(1):30-34. [doi: 10.1109/mce.2019.2941461]

Kularathne N, Wijayathilaka U, Kottawaththa N, Hewakoralage S, Thelijjagoda S. Dia-Shoe: a smart diabetic shoe to
monitor and prevent diabetic foot ulcers. In: Proceedings of the 2019 International Conference on Advancementsin
Computing (ICAC). 2019 Presented at: 2019 International Conference on Advancementsin Computing (ICAC); Dec 05-07,
2019; Malabe, Sri Lanka. [doi: 10.1109/icac49085.2019.9103408]

Joshi AM, Jain P, Mohanty SP, Agrawal N. iGLU 2.0: a new wearable for accurate non-invasive continuous serum glucose
measurement inloM T framework. |EEE Trans Consumer Electron 2020 Nov;66(4):327-335. [doi: 10.1109/tce.2020.3011966]
Zhou X, Lei R, Ling B, Li C. Joint empirical mode decomposition and singular spectrum analysis based pre-processing
method for wearable non-invasive blood glucose estimation. |n: Proceedings of the 2019 | EEE 4th International Conference
on Signal and Image Processing (ICSIP). 2019 Presented at: 2019 | EEE 4th International Conference on Signal and Image
Processing (ICSIP); Jul 19-21, 2019; Wuxi, China. [doi: 10.1109/siprocess.2019.8868879]

https://www.jmir.org/2022/8/e36010 JMed Internet Res 2022 | vol. 24 | iss. 8 [e36010 | p.121

(page number not for citation purposes)


https://mhealth.jmir.org/2021/6/e25138/
http://dx.doi.org/10.2196/25138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34081010&dopt=Abstract
https://www.jmir.org/2020/5/e16658/
http://dx.doi.org/10.2196/16658
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32347810&dopt=Abstract
http://dx.doi.org/10.1016/j.diabet.2018.08.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30243616&dopt=Abstract
http://dx.doi.org/10.7326/m18-0850
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-016-0384-4
http://dx.doi.org/10.1186/s13643-016-0384-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27919275&dopt=Abstract
http://dx.doi.org/10.1109/mcom.2018.1700788
http://dx.doi.org/10.1016/j.compind.2017.06.005
http://dx.doi.org/10.1109/tbcas.2020.2979514
https://mhealth.jmir.org/2019/4/e11959/
https://mhealth.jmir.org/2019/4/e11959/
http://dx.doi.org/10.2196/11959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31012863&dopt=Abstract
http://dx.doi.org/10.1109/tbcas.2020.3043538
https://www.mdpi.com/resolver?pii=s18072183
https://www.mdpi.com/resolver?pii=s18072183
http://dx.doi.org/10.3390/s18072183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29986473&dopt=Abstract
http://dx.doi.org/10.3390/electronics9040678
http://dx.doi.org/10.3390/app9153046
http://dx.doi.org/10.1109/memea52024.2021.9478688
http://dx.doi.org/10.23919/mipro48935.2020.9245403
http://dx.doi.org/10.1016/j.compbiomed.2021.104664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34329866&dopt=Abstract
http://europepmc.org/abstract/MED/33100923
http://europepmc.org/abstract/MED/33100923
http://dx.doi.org/10.1109/jsen.2020.3000772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33100923&dopt=Abstract
http://dx.doi.org/10.1109/tetc.2019.2958946
http://dx.doi.org/10.1109/mce.2019.2941461
http://dx.doi.org/10.1109/icac49085.2019.9103408
http://dx.doi.org/10.1109/tce.2020.3011966
http://dx.doi.org/10.1109/siprocess.2019.8868879
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ahmed et &

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.
56.

57.

Zhou X, Ling BW, Tian Z, Ho Y, Teo K. Joint empirical mode decomposition, exponential function estimation and norm
approach for estimating mean value of photoplethysmogram and blood glucose level. IET Signal Process 2020
Dec;14(9):652-665. [doi: 10.1049/iet-spr.2020.0096]

Hina A, Nadeem H, Aslam AR, Saadeh W. Live demonstration: a single LED PPG-based noninvasive glucose monitoring
prototype system. In: Proceedings of the 2019 |EEE International Symposium on Circuits and Systems (ISCAS). 2019
Presented at: 2019 IEEE International Symposium on Circuits and Systems (ISCAS); May 26-29, 2019; Sapporo, Japan.
[doi: 10.1109/iscas.2019.8702241]

Porumb M, Griffen C, Hattersley J, PecchiaL . Nocturnal low glucose detection in healthy elderly from one-lead ECG using
convolutional denoising autoencoders. Biomedical Signal Process Control 2020 Sep;62:102054. [doi:
10.1016/j.bspc.2020.102054]

Non-invasive analytics based smart system for diabetes monitoring. In: Internet of Things (1oT) Technologiesfor HealthCare.
Cham: Springer; 2018.

Mahmud T, Limon MH, Ahmed S, Rafi MZ, Ahamed B, Nitol NN, et al. Non-invasive blood glucose estimation using
multi-sensor based portable and wearable system. In: Proceedings of the 2019 |EEE Global Humanitarian Technology
Conference (GHTC). 2019 Presented at: 2019 | EEE Global Humanitarian Technology Conference (GHTC); Oct 17-20,
2019; Seattle, WA, USA. [doi: 10.1109/ghtc46095.2019.9033119]

Kascheev N, Kozyrev O, Leykin M, Vanyagin A. Non-invasive monitoring of blood glucose by means of wearable tracking
technology. In: Proceedings of the 2017 |EEE East-West Desigh & Test Symposium (EWDTS). 2017 Presented at: 2017
|EEE East-West Design & Test Symposium (EWDTS); Sep 29 -Oct 02, 2017; Novi Sad, Serbia. [doi:
10.1109/ewdts.2017.8110137]

Bent B, Cho PJ, Wittmann A, Thacker C, Muppidi S, Snyder M, et al. Non-invasive wearables for remote monitoring of
HbA1c and glucose variability: proof of concept. BMJ Open Diab Res Care 2021 Jun 15;9(1):e002027. [doi:
10.1136/bmjdrc-2020-002027)

Corpin R, Guingab HA, Manalo AN, Sampana ML, Abello AN, delaCruz AR, et a. Prediction of diabetic peripheral
neuropathy (DPN) using plantar pressure analysis and learning models. In: Proceedings of the 2019 |EEE 11th International
Conference on Humanoid, Nanotechnology, | nformation Technology, Communication and Control, Environment, and
Management ( HNICEM ). 2019 Presented at: 2019 |EEE 11th International Conference on Humanoid, Nanotechnology,
Information Technology, Communication and Control, Environment, and Management ( HNICEM ); Nov 29 - Dec 01,
2019; Laoag, Philippines. [doi: 10.1109/hnicem48295.2019.9072889]

Smart wristband with integrated chemical sensors for detecting glucose levels using breath volatile organic compounds.
Proc SPIE. 2019. URL : https://tinyurl.com/2mvar6z8 [accessed 2022-07-20]

Fallahzadeh R, Pedram M, Ghasemzadeh H. SmartSock: awearabl e platform for context-aware assessment of ankle edema.
In: Proceedings of the 2016 38th Annual International Conference of the | EEE Engineering in Medicine and Biology Society
(EMBC). 2016 Presented at: 2016 38th Annual International Conference of the |[EEE Engineering in Medicine and Biology
Society (EMBC); Aug 16-20, 2016; Orlando, FL, USA. [doi: 10.1109/embc.2016.7592169]

Saravanan M, Shubha R, Marks AM, lyer V. SMEAD: a secured mobile enabled assisting device for diabetics monitoring.
In: Proceedings of the 2017 IEEE International Conference on Advanced Networks and Telecommunications Systems
(ANTYS). 2017 Presented at: 2017 | EEE International Conference on Advanced Networks and Telecommunications Systems
(ANTYS); Dec 17-20, 2017; Bhubaneswar, India. [doi: 10.1109/ants.2017.8384099]

Qaffas AA, Hoque R, Almazmomi N. Theinternet of things and big data analytics for chronic disease monitoring in Saudi
Arabia. Telemedicine e-Health 2021 Jan 01;27(1):74-81. [doi: 10.1089/tm;j.2019.0289]

Maritsch M. Towards wearable-based hypoglycemia detection and warning in diabetes. In: Proceedings of the Extended
Abstracts of the 2020 CHI Conference on Human Factorsin Computing Systems. 2020 Presented at: CHI "20: CHI Conference
on Human Factors in Computing Systems; Apr 25 - 30, 2020; Honolulu HI USA. [doi: 10.1145/3334480.3382808]
Ravindran R, Niemann U, Klose S, Walter I, Ming A, Mertens PR, et a. Transformation of temperature timeseries into
featuresthat characterize patients with diabetic autonomic nerve disorder. In: Proceedings of the 2018 | EEE 31st I nternational
Symposium on Computer-Based Medical Systems (CBMS). 2018 Presented at: 2018 | EEE 31st International Symposium
on Computer-Based Medical Systems (CBMS); Jun 18-21, 2018; Karlstad, Sweden. [doi: 10.1109/cbms.2018.00019]

Li Z, YeQ, Guo Y, Tian Z, Ling B, Lam R. Wearable non-invasive blood glucose estimation viaempirical mode
decomposition based hierarchical multiresolution analysis and random forest. In: Proceedings of the 2018 |EEE 23rd
International Conference on Digital Signal Processing (DSP). 2018 Presented at: 2018 |EEE 23rd I nternational Conference
on Digital Signal Processing (DSP); Nov 19-21, 2018; Shanghai, China. [doi: 10.1109/icdsp.2018.8631545]

Schwartz FL, Marling CR, Bunescu RC. The promise and perils of wearable physiological sensorsfor diabetes management.
JDiabetes Sci Technol 2018 May;12(3):587-591 [ FREE Full text] [doi: 10.1177/1932296818763228] [Medline: 29542348]
Vapnik V. The Nature of Statistical Learning Theory. New York: Springer; 1995.

Liu W, Wang J, Zhang C. Study of bioelectrical impedance analysis methods for visceral fat estimation using SVM. J
Electron Measure Instrument 2011 Jul 20;25(7):648-653. [doi: 10.3724/sp.j.1187.2011.00648]

Comparison of noninvasive blood glucose estimation using various regression models. In: Advancesin Signal Processing
and Intelligent Recognition Systems. Singapore: Springer; 2020.

https://www.jmir.org/2022/8/e36010 JMed Internet Res 2022 | vol. 24 | iss. 8 [e36010 | p.122

(page number not for citation purposes)


http://dx.doi.org/10.1049/iet-spr.2020.0096
http://dx.doi.org/10.1109/iscas.2019.8702241
http://dx.doi.org/10.1016/j.bspc.2020.102054
http://dx.doi.org/10.1109/ghtc46095.2019.9033119
http://dx.doi.org/10.1109/ewdts.2017.8110137
http://dx.doi.org/10.1136/bmjdrc-2020-002027
http://dx.doi.org/10.1109/hnicem48295.2019.9072889
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/11020/2521365/Smart-wristband-with-integrated-chemical-sensors-for-detecting-glucose-levels/10.1117/12.2521365.short?SSO=1
http://dx.doi.org/10.1109/embc.2016.7592169
http://dx.doi.org/10.1109/ants.2017.8384099
http://dx.doi.org/10.1089/tmj.2019.0289
http://dx.doi.org/10.1145/3334480.3382808
http://dx.doi.org/10.1109/cbms.2018.00019
http://dx.doi.org/10.1109/icdsp.2018.8631545
http://europepmc.org/abstract/MED/29542348
http://dx.doi.org/10.1177/1932296818763228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29542348&dopt=Abstract
http://dx.doi.org/10.3724/sp.j.1187.2011.00648
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ahmed et &

58.

59.

60.

Clarke W, Cox D, Gonder-Frederick LA, Carter W, Pohl SL. Evaluating clinical accuracy of systems for self-monitoring
of blood glucose. Diabetes Care 1987;10(5):622-628. [doi: 10.2337/diacare.10.5.622] [Medline: 3677983]
Loncar-Turukalo T, Zdravevski E, Machado da Silva J, Chouvarda |, Trajkovik V. Literature on wearable technology for
connected health: scoping review of research trends, advances, and barriers. JMed Internet Res 2019 Sep 05;21(9):€14017
[FREE Full text] [doi: 10.2196/14017] [Medline: 31489843]

Schwartz FL, Marling CR, Bunescu RC. The promise and perils of wearable physiological sensorsfor diabetes management.
JDiabetes Sci Technol 2018 May 15;12(3):587-591 [FREE Full text] [doi: 10.1177/1932296818763228] [Medline:
29542348]

Abbreviations

Al: artificial intelligence

CGM: continuous glucose monitoring
ECG: eectrocardiogram

|oT: internet of things

ML: machine learning

OS: operating system

PRISMA-ScR: Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping
Reviews

SVM: support vector machine

T1D: type 1 diabetes

T2D: type 2 diabetes

WD: wearable device

Edited by T Leung; submitted 27.12.21; peer-reviewed by P Bhadra, J Sanders, G Al-Hussain, M Kraus; commentsto author 23.05.22;
revised version received 31.05.22; accepted 20.06.22; published 09.08.22.

Please cite as:

Ahmed A, AZiz S, Abd-alrazaq A, Faroog F, Sheikh J

Overview of Artificial Intelligence-Driven Wearable Devices for Diabetes. Scoping Review
J Med Internet Res 2022; 24(8):e36010

URL: https:.//wwww.jmir.org/2022/8/e36010

doi:10.2196/36010

PMID: 35943772

©Arfan Ahmed, Sarah Aziz, Alaa Abd-alrazag, Faisal Farooq, Javaid Sheikh. Originally published in the Journal of Medical
Internet Research (https://www.jmir.org), 09.08.2022. Thisis an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly
cited. The complete bibliographicinformation, alink to the original publication on https://www.jmir.org/, aswell asthis copyright
and license information must be included.

https://www.jmir.org/2022/8/e36010 JMed Internet Res 2022 | vol. 24 | iss. 8 [e36010 | p.123

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.2337/diacare.10.5.622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3677983&dopt=Abstract
https://www.jmir.org/2019/9/e14017/
http://dx.doi.org/10.2196/14017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31489843&dopt=Abstract
http://europepmc.org/abstract/MED/29542348
http://dx.doi.org/10.1177/1932296818763228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29542348&dopt=Abstract
https://www.jmir.org/2022/8/e36010
http://dx.doi.org/10.2196/36010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35943772&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Daviset a

Review

Understanding Engagement in Digital Mental Health and
Well-being Programs for Women in the Perinatal Period:
Systematic Review Without Meta-analysis

Jacqueline A Davis'*3, BSc, Grad Dip; Jeneval Ohan?, BSc, MA, PhD; LisaY Gibson'** BA, MPsych, PhD; Susan
L Prescott™*°, BMedSci, MBBS, FRACP, PhD; Amy L Finlay-Jones™?, BPsych, MClinPsych, MHealthEcon, PhD

ITelethon Kids Institute, Nedlands, Australia

2School of Medicine, University of Western Australia, Perth, Australia

3school of Health Sciences, Curtin University, Bentley, Australia

4School of Medical and Hedlth Sciences, Edith Cowan University, Joondalup, Australia
5The Nova Institute for Health, Baltimore, MD, United States

Corresponding Author:

Jacqueline A Davis, BSc, Grad Dip
Telethon Kids Institute

15 Hospital Avenue

Nedlands, 6009

Austraia

Phone: 61 478173989

Email: jackie.davis@tel ethonkids.org.au

Abstract

Background: Pregnancy and the postnatal period can be atime of increased psychological distress, which can be detrimental
to both the mother and the devel oping child. Digital interventions are cost-effective and accessible tool sto support positive mental
health in women during the perinatal period. Although studies report efficacy, a key concern regarding web-based interventions
isthe lack of engagement leading to drop out, lack of participation, or reduced potential intervention benefits.

Objective: Thissystematic review aimed to understand the reporting and level s of engagement in studies of digital psychological
mental health or well-being interventions administered during the perinatal period. Specific objectives were to understand how
studies report engagement across 4 domains specified in the Connect, Attend, Participate, and Enact (CAPE) model, make
recommendations on best practices to report engagement in digital mental health interventions (DMHIs), and understand levels
of engagement in intervention studies in this area. To maximize the utility of this systematic review, we intended to develop
practical tools for public health use: to develop alogic model to reference the theory of change, evaluate the studies using the
CAPE framework, and develop a guide for future data collection to enable consistent reporting in digital interventions.

Methods: This systematic review used the Cochrane Synthesis Without Meta-analysis reporting guidelines. This study aimed
toidentify studiesreporting DM HIsdelivered during the perinatal period in women with subclinical mood symptoms. A systematic
database search was used to identify relevant papers using the Ovid Platform for MEDLINE, PsycINFO, EMBASE, Scopus, Web
of Science, and Medical Subject Headings on Demand for all English-language articles published in the past 10 years.

Results. Searches generated a database of 3473 potentially eligible studies, with afinal selection of 16 (0.46%) studies grouped
by study design. Participant engagement was evaluated using the CAPE framework and comparable variables were described.
All studies reported at least one engagement metric. However, the measures used were inconsistent, which may have contributed
to the wide-ranging results. There was insufficient reporting for enactment (ie, participants’ real-world use of intervention skills),
with only 38% (6/16) of studies clearly recording longer-term practice through postintervention interviews. The logic model
proposes ways of conceptualizing and reporting engagement details in DMHIs more consistently in the future.

Conclusions: The perinatal period is the optimal time to intervene with strength-based digital tools to build positive mental
health. Despite the growing number of studies on digital interventions, few robustly explore engagement, and there is limited
evidence of long-term skill use beyond the intervention period. Our results indicate variability in the reporting of both short- and
long-term participant engagement behaviors, and we recommend the adoption of standardized reporting metricsin future digital
interventions.
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Introduction

The Importance of the Perinatal Period

Pregnancy, delivery, and the postnatal period can be times of
increased psychological distress (stress, anxiety, or depression)
[1], and up to 20% of women experience depression during the
perinatal period [2,3]. There is considerable evidence that
psychological distress during this period has detrimental effects
on maternal health and can have long-term del eterious effects
on the child [4-7], as recognized as part of the Developmental
Origins of Health and Disease paradigm [8,9]. In particular,
there is growing evidence of intergenerational transmission of
poor mental health in utero and the first years of life through
these pathways [10]. Therefore, cost-effective, accessible
interventions that support lasting positive mental health while
also preventing symptoms of mental health problems are of
critical importancefor public health. Mental health interventions
to promote well-being have the potential to not only improve
women'’s outcomes but a so minimize therisk of negative health
effect transmission to the next generation.

Health promotion strategies aim to enable optimal health and
skills to cope with adversity in well subclinical populations.
Therefore, it isimportant that efforts are made not only to deal
with illness but also to develop individuals emotiona skills
that can be applied in everyday life [11]. Psychological
interventions aimed at perinatal women have also been shown
to be effective when delivered digitaly [12]. Digita
interventions—that  is, computer- or  web-based
interventions—can be delivered offline or on the web via a
computer, tablet, or smartphone. In this format, interventions
can be accessed by numerous people across wide geographical
regionsin acost-effective and flexible manner [ 13]. Web-based
interventions may be particularly useful in the perinatal period,
given the accessibility issues faced by this population and as
many pregnant women search theinternet for health information
[14,15]. Furthermore, these interventions may help overcome
numerous barriers that exist for women who attempt to access
traditional perinatal well-being, psychological distress
prevention, or treatment programs, especially challenges in
navigating psychosocial care systems [13]. Widespread
restrictions imposed because of the COVID-19 pandemic have
generated additional barriers to accessing mental health and
well-being information and services [16].

Digital Mental Health Interventions

Although a recent systematic review provided preliminary
evidence that web-based interventions can be a promising and
advisable form of intervention during the prenatal period [13],
thereisapaucity of evidence on the long-term effectiveness of
these programs [17]. There are many issues affecting digital
mental health intervention (DMHI) implementation, such as

https://www.jmir.org/2022/8/e36620

availability issues, lack of promotion by health care providers,
and lack of long-term outcome data; ultimately, program
engagement is key. Low uptake of effective, evidence-based
programs could diminish women’s and infants' opportunities
to enhance their well-being, limiting equitable public health
benefits.

Dropout from the intervention and loss to follow-up reduces
the treatment effect [18]. Although it has been argued that
various strategies, including email prompts, SM S text messages,
and homework are ways of helping participants develop
intervention skills that can be applied, practiced, and sustained
[19], it is unclear how frequently studies of DMHIs use or
evaluate these strategies. Despite studies demonstrating
intervention efficacy for those that remain in the study, we argue
that it isjust as salient to measure engagement as a benchmark
of effectiveness. Web-based interventions providetoolsto learn
more about participant engagement and, furthermore, how it
relatesto retention and intervention outcomes, both in the short
and the long term. This information can be used to understand
the dynamics of engagement [18] and how to strengthen these
characteristicsin intervention development and delivery.

Assessing Engagement

It is widely accepted that the full benefit of many effective
treatments can be achieved only if the prescribed regime is
followed reasonably closely [20]. Recent reviews [21,22] have
consistently highlighted these challenges with regard to low
engagement and retention rates, particularly for digital programs
that often experience poor reach and uptake [13]. Sustained
engagement is a complex process that has been identified as a
crucia factor in intervention success [23]. However, thereis a
lack of systematic methodologies to assess engagement,
particularly in real-world contexts. Comparing program
engagement across research studies is difficult because of the
wide range of strategies applied to evaluate engagement
outcomes [22,24]. Accordingly, applying structured processes
to assess engagement can make comparisons more meaningful.

One of the frameworks for evaluating engagement in
face-to-face programs, which can be adapted to web-based
programs, isthe Connect, Attend, Participate, and Enact (CAPE)
model [25]. The CAPE mode identifies and defines 4 aspects
of engagement at various stages of intervention. First, connect
pertains to how many people expressinterest in engaging in an
intervention out of those eligible. Second, attend refers to
continuous presence, such asthe number of intervention sessions
aparticipant completes. Third, participateisthe degreetowhich
participants actively engage with the content of the intervention,
such as completing intervention tasks and remaining in the
program. The final component, enact, refers to the participant
making use of intervention strategies or knowledge as part of
their daily life. Although this was developed to guide
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face-to-face parenting program engagement research, it can be
readily applied to understanding and measuring digital
intervention engagement in a research context.

Objectives

At atimewhen public resources are strained, policy makersand
program administrators are looking to invest in effective,
engaging prevention programs supported by scientific evidence
and delivering long-term benefits. Intervention engagement
must be foremost among these considerations, as this will
ultimately determine the degree to which the target population
takes up and benefits from the intervention when implemented
in the community. Systematic reviews are an influential
decision-making tool as they summarize a body of scientific
research; identify implications for policy and practice [26,27];
and can be used to guide investment decisions, particularly for
complex problems, such as poor intergenerational mental health.

This systematic review aimed to understand the reporting and
levels of engagement in studies of web-based psychological
mental health or well-being interventions administered in the
perinatal period to women with subclinical mood symptoms.

Specifically, we aimed to (1) understand how studies report
engagement, with engagement defined as containing the 4 steps
in the CAPE model; (2) make recommendations on best
practices to report engagement in DMHIs based on this; and
(3) understand levels of engagement in intervention studiesin
this area.

To maximize the utility of this systematic review, we intended
to develop practical toolsfor future public health use: to develop
a logic model from the literature to reference the theory of
change, evaluate the studies using the CAPE framework, and
develop a guide for future data collection to enable consistent
engagement reporting in web-based (and offline) interventions.

Methods

The methods used in this systematic review combine standard
rigorous and transparent review methods using the Cochrane
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Daviset a

Synthesis Without Meta-analysis (SWiM) reporting guidelines
[28] in conjunction with the development of a logic model to
understand the theory of change.

Search Strategy

The review question, search strategy, inclusion criteria, and
methods were registered in PROSPERO (International
Prospective Register of Systematic Reviews; approval number
CRD42020162283). Theresearch question was asfollows: what
is known about engagement in digita menta health and
well-being programs for women in the perinatal period? A
systematic database search was conducted to identify papers
relevant to the aims of this review. The initial search was
performed by thefirst reviewer (JAD), using the Ovid Platform
for MEDLINE, PsycINFO, EMBASE onthe EBSCO Platform,
Scopus, Web of Science, and Medical Subject Headings on
Demand for al English-language articles published in the past
10years(ie, from January 1, 2010, to May 29, 2020). Keywords
and index terms identified as relevant in the search strategy
were used and individual search criteria were developed for
each database. All the database search strategies are provided
in Multimedia Appendix 1. The impact of the COVID-19
pandemic delayed this publication; therefore, a subsequent rapid
review was undertaken in May 2022 and performed in Google
Scholar Advanced search to elicit any further publications since
June 2020.

Identification of Studies and Eligibility Criteria

The search strategy aimed to identify studies reporting on
engagement and retention in digital mental health and well-being
programsfor women during and after preghancy. Clear inclusion
and exclusion criteria were developed using the Population,
Intervention, Comparison, Outcomes, and Study framework to
guide the inclusion criteria for participants, intervention or
phenomena of interest, comparators, outcomes, study design,
and context (Textbox 1).
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Textbox 1. Inclusion and exclusion criteria (based on the Population, Intervention, Comparison, Outcomes, and Study framework).

Inclusion criteria

o  Participants

score <12)

. Intervention

«  Comparators

«  Studieswith any form of comparator were considered

. Outcomes

o Study design

Exclusion criteria

o Participants

«  Studiesfocusing predominantly on the partner or father

. Intervention

«  Childbearing individuals in the perinatal period (ie, from conception to the first year of the infant’s life)
«  Studiesfocusing predominantly on the childbearing individual but can include partners

«  Studies that include childbearing individuals at moderate risk for psychological distress (ie, with Edinburgh Postnatal Depression Scale

«  Studiesthat include women at risk of postnatal depression with ahistory of depression or anxiety (ie, early intervention)

« Any minimal contact digital interventions provided in the perinatal period aiming to reduce mild to moderate psychological distress or
promote psychological well-being (ie, minimal contact as defined by a maximum of <1 hour of direct contact each week)

«  None; although the focus of the review was on engagement outcomes, we included any studies of interventions meeting the above criteria
to determine the proportion that reported engagement outcomes

«  Quantitative (eg, randomized controlled trials, quasi-experimental studies, cohort studies, descriptive studies), and qualitative studies

»  Studies considering programs before conception and those specifically targeting the child

«  Studiesthat include women at high risk for psychological distress (ie, with Edinburgh Postnatal Depression Scale score >13)

« Interventions with a primary focus other than mental health or well-being (eg, parenting self-efficacy)

« Interventions delivered face to face or as telehealth or telephone coaching

Selected Studies

All papersthat appeared eligible based on their title and abstract
were retrieved for screening. The first author (JAD) reviewed
the titles and abstracts of all papers, assessed dligibility, and
noted any reasonsfor exclusion. Full-text articleswere assessed
for eligibility and reviewed independently by both the first
author (JAD) and third author (LY G). Once the third author
(LY G) had reviewed the papers, any discrepancieswere resolved
through team discussion. The reference lists of the included
studies were examined to identify additional relevant papers.

Coding of Study Characteristics and Data Extraction

Key article characteristics were recorded using a Microsoft
Exce (version 2020) data extraction table developed for this
review. These characteristicsincluded general information about
the study, such as the country and author, along with specific
information about the study design, comparators, and
intervention type. Coding of the study characteristics enabled
usto group the studies as part of our synthesis. Asour primary

https://www.jmir.org/2022/8/e36620

aim was to understand the engagement of the study population,
we characterized the assessment time points, engagement
measures, and reporting of attrition and adherence. Datarelevant
to engagement were extracted using the CAPE framework; this
included variables for recruitment, retention, attrition, and
follow-up timepoints. A framework analysis methodology [29]
was used to determine which variables should be included in
each step of the CAPE framework.

Development of L ogic Model

L ogic models can help conceptualize acomplex review question
and specify analytic links to test the plausibility that a program
works as intended [26]. Logic models typically illustrate the
chain of reasoning underpinning how interventions lead to
immediate (or short-term) outcomes and then to longer-term
outcomes and impacts[30]. A key part of the model isdetailing
the mechanisms of change within the pathway and the
moderating and mediating factors that may be associated with
or influence outcomes. Thisis often referred to asthe theory of
change [30]. In this systematic review, the research team
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developed a logic model to aid the process of understanding
how and when the CAPE framework could be applied to
interpret therole of different engagement variablesin promoting
outcomes in digital perinatal mental health and well-being
programs. The project team collaboratively developed thelogic
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model, drawing on themes in the literature and the team’s
collective knowledge and experience. To develop the logic
model, we incorporated the types of engagement metrics found
in the selected studies that could be used to assess engagement
(Figure 1).

Figure 1. Proposed logic model. GP: general practitioner; DMHI: digital mental health intervention.

Logic Model for understanding theory of change for enhancing mental well-being in mothers and their infants

Quality Appraisal and Risk of Bias

The risk of bias for studies included in this review was based
on the Cochrane Collaboration’s tool for assessing the risk of
biasfor each category of study (ie, randomized controlled trials
[RCTs] and non-RCTs), and the risk of bias was adapted for
this review and classified as low, uncertain, or high based on
the Cochrane risk of bias tool [31] and the primary aim of this
systematic review (ie, engagement rather than efficacy). The
assessment of study quality was undertaken by the first author
(JAD) and reviewed by the project team. Multimedia A ppendix
2 [17,32-46] provides the detailed risk of bias assessments of
theincluded studies.

Synthesis of Results

Asthissystematic review synthesized theresultsfrom adiverse
range of interventions, we used SWiM guidelines [28] to
promote transparent reporting. The SWiM items enable studies
to be grouped and provide guidance on the reporting of
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standardized metrics used for the synthesis of findings.
Specifically, we undertook the following steps:

1. Summarized the characteristics of each study and reported
intervention implementation, recruitment and engagement
activities, study findings, reported attrition, and
methodological quality

2. Determined which studies were similar enough to be
grouped within each comparison by comparing across
studies (eg, types of digital platform and postnatal vs
antenatal)

3. Determined which data were available for synthesis

4. Synthesized the characteristics of the studies

5. Performed astatistical synthesisfor appropriate quantitative
data and comprehensive critical appraisa through a
meta-synthesis approach for qualitative data

6. For each tria included in this systematic review, we
recorded counts of trial participants who were assessed for
eligibility, those who were recruited, and those who were
allocated to the intervention and control arms; rates of
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recruitment, trial completion, and loss to follow-up were
synthesized by evaluating the proportion of recruitment,
completeness, and loss to follow-up in base R (R
Foundation for Statistical Computing) statistical package
[47]; synthesized data were reported as forest plots [48].

Results

Included Studies

The electronic searches generated a database of 3473 potentially
eligible studies that were assessed using the review eligibility
criteria. After duplicates were removed (680/3473, 19.58%),
all titles and abstracts were screened for eligibility. In total, of
the 3473 studies, 2795 (80.48%) records were screened, and
2654 (76.42%) were excluded based on the inclusion or
exclusion criteria (Textbox 1). After the first screening, 5.31%

Daviset a

(141/2654) of potential studies remained; the full-text articles
were assessed for eligibility by the first and third authors. Of
the remaining 141 studies, 125 (88.7%) were excluded on
consensus by the project team; the first and third authors
independently screened the papers that were verified by the
team, resulting in a final selection of 16 (11.3%) studies to be
included in the synthesis. The final studies were then grouped
according to the study design.

Theliterature search and inclusion processes are detailed in the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) flow diagram (Figure 2). The search flow
diagram indicates the papers that were selected for synthesis
using the PRISMA guidelines [49]. A secondary rapid search
conducted in 2022 did not yield any additional papers that met
our specific inclusion criteria.

Figure 2. Search flow diagram (PRISMA [Preferred Reporting Items for Systematic Reviews and Meta-Analyses]). RCT: randomized controlled trial;

SWiM: Synthesis Without Meta-analysis.
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Synthesis of Results

Overview

The primary aim of this systematic review was to assess the
engagement of women participating in digital mental health or
well-being interventions; therefore, the standardized metric and
transformation method [28] used across al studies were those
used to evaluate engagement rather than well-being effect sizes.
On analysis of study characteristics, we grouped the 16
interventions according to study design to provide a cohesive
comparison in abroad range of study types. Group 1 wasRCTs
(6/16, 38%), with active and control arms. Generally, RCTs
had alonger follow-up period (maximum of 12 months). Group
2 included non-RCTs (3/16, 19%), with no active comparators
and brief or no follow-up period. Group 3 comprised pilot RCTs
(7/16, 44%) with active and control armsand afollow-up period.

https://www.jmir.org/2022/8/e36620
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Study Characteristics

In all groups, there was a range of therapeutic approaches,
including cognitive behavioral therapy, parenting education,
positive psychology, mindfulness, and compassion-based
training. Several studies used a psychoeducation approach to
build parenting self-efficacy, such as Chan et a [50], Shorey et
al [51], Corno et al [32], and Tsai et a [34]. Ingroup 1, overall,
25% (4/16) were delivered as self-help internet interventions
and 13% (2/16) as smartphone-based mobile apps; in group 2,
all were delivered as self-help internet interventions; in group
3, all were delivered as internet interventions apart from the
study by Barreraet al [37], which was delivered asan SM Stext
messaging program. In addition, 13% (2/16) of studiesincluded
the assessment of physiological biomarkers: Cornsweet [38]
and Matvienko-Sikar and Dockray [41]. A summary of the study
characteristicsis reported in Tables 1-3 (a more detailed report
is available in Multimedia Appendix 2, including intervention
outcomes). For this review, we reported engagement measures
collected for each study as CAPE metrics.
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Table 1. Group 1: randomized controlled trials (N=6).
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Intervention type,

Study aims (sample

Engagement measures:

Engagement measures:

Engagement measures.  Engagement measures:

format, and duration size) connect attend participate enact
Self-guided; Assessthefeadbility «  Assessedfordigibil- «  Engagementwith «  Module views, o  Treatmentfeasibil-
iWaWa? 9 modules and acceptability of ity (n=147): recruit- internet-based com- module comple- ity (engagement
[13] iWaWA among ed viasocial media, ponents tion, number and and usability) and
postpartum women posters, and flyers  «  Attrition and atten- duration of sup- acceptability (use-
with anxiety (89 and numbersrecruit- dance port calls fulness, satisfac-
participants) ed «  Participant CON- tion, and helpful-
+  Reasonsfor exclu- SORT® flow dia- ness) were as-
sion gram (access, dloca sessed after treat-
« 89enrolledandran- tion, and fol low-up) ment through

Smartphone-based
mobile app [50]

Web-based compas-
sion-based interven-
tion; Kindness for
Mums Online; 5-6
weeks[52]

A Chinese version

of the MBSP® pro-
gram; 10 hours of
training with 36
episodes; 6-week in-
ternet-based interven-
tion [53]

Condensed web-
based version of an
8-week mindfulness
COUrse;

“Be Mindful On-
ling"; 4weeksonthe
web [54]

Assess the differ-
encein the levels of
antenatal and postna
tal depressionin
participants (660
participants)

Assess the effect of
the intervention on
participants’ well-
being (206 partici-
pants)

Assess the effect of
the mindful self-
compassioninterven-
tion on preventing
postpartum depres-
sion in agroup of
symptomatic preg-
nant women (314
participants)

Evaluate the poten-
tial of aweb-based
mindful ness course
for expectant partici-
pant women (185
participants)

domized to treat-
ment and control

Assessed for digibil-
ity (n=803)
Reasons for exclu-
sion

660 enrolled and
randomized (inter-
vention or treatment
as usual)

Assessed for digibil-
ity (n=310)
Recruitment meth-
ods: social media
and snowball sam-
pling

Participant vouchers
Accessibility
Reasons for exclu-
sion

206 enrolled and
randomized

Assessed for digibil-
ity (n=472)
Screening and base-
line assessment
(n=344)

Reasons for exclu-
sion

Randomized
(n=314)

Assessed for digibil-
ity (n=237)
Recruitment meth-
ods (email lists, so-
cial mediaadvertis-
ing, and postersin
community settings)
Reasons for exclu-
sion

Enrolled and ran-
domization methods

Participant CON-
SORT flow diagram
(eligibility, enroll-
ment, randomiza-
tion, follow-up, and
analysis)

Retention rates

Participant CON-
SORT flow diagram
(enrollment, alloca
tion, follow-up, and
analysis)

Participant CON-
SORT flow diagram
(eligibility, alloca
tion, follow-up, and
analysis)
Attendance rates
Reporting of reten-
tion

Participant CON-
SORT flow diagram
(recruitment, alloca-
tion, follow-up, and
analysis)

Theuseof theapp -«
and other relevant
services (eg, ante-
natal classes and
other pregnancy
resources: books
and websites) doc-
umented by self-

report

Reporting of attri-
tion and engage-
ment (ie, comple-
tion of sessions

and frequency or
program use)

Reporting of attri-
tion

Feasibility and ac-
ceptability

After completing
each exercise, par-
ticipants werein-
structed to exer-
cise the steps dur-
ing the day; partic-
ipants provided a
graphical
overview and a
web-based diary
book where they
registered their re-
flections

Regular reminders »
tolog on or con-

tact the research
team viaemail
Reporting of reten-
tion and attrition

semistructured in-
terviews

Postintervention
survey included
Use of the app

Acceptability: par-
ticipants were
asked to rate the
ease of use and
satisfaction after
the intervention

Reporting of reten-
tion and attrition
after the interven-
tion

Postcourse evalua-
tion 45 days after
basdline
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Intervention type,

Study aims (sample

Engagement measures:

Engagement measures:

Engagement measures:

Engagement measures:

format, and duration size) connect attend participate enact
Mobile app for psy- Examinetheeffec- «  Assessedfordigibil- «  Participant CON- «  Theresearchteam «  Intervention
choeducation and tiveness of the pro- ity (n=360 couples) SORT flow diagram monitored the use posttest
postnatal depression; graminimproving .  Reasonsfor exclu- (eligibility, recruit- of theapp and par-
“Home-but not participant parenting sion ment, allocation, ents received re-
Alone” [51] outcomes(250 partic- «  Recruitment meth- follow-up, and anal- minders each

ipants [couples]) ods ysis) week

Randomization
methodsto interven-
tion or control

%WaWa: internet-based What Am | Worried About.
PCONSORT: Consolidated Standards of Reporting Trials.

°MBSP: Mindfulness-Based Strengths Practice.

Table 2. Group 2: non—randomized controlled trials—case series, open trial, and quasi-experimental (N=3).

Intervention type,

Study aims (sample

Engagement measures:

Engagement measures:

Engagement measures:

Engagement measures:

format, and duration size) connect attend participate enact
Positive psychology Examinetheeffect «  Eligibilityandre- «  Weeklyemails—re- « Compliancewith  Exercise preferences
web-based interven-  of apositive psychol- cruitment method minders for assess- the intervention were assessed at the
tion; 5-week web-  ogy web-basedinter- «  Preassessment on ments measurewasdevel-  posttest time point
based self-applied  vention onindicesof the web oped by there-
positive psychology participants’ prena- search team
intervention specifi- tal well-being (6 « Noreported attri-
cally adapted for participants); case tion
pregnant women; 4  series design
modules [32]
Internet program Examinethefeasibil- «  Assessedfordigibil- «  Participant CON-  «  Sessioncomple-  Self-reported satisfac-
plus weekly phone ity, acceptability, ity (n=48) SORT flow dia- tion and participa-  tion (perceived benefits
coaching sessions,  and preliminary out- «  Reasonsfor exclu- gram (eligibility, tionin phone and challenges) via
individually or comes of MMB for sion enrollment, follow- coaching calls questionnaire and en-
group-wise; MMB2  Use with pregnant . Recruitment meth_- up, and analysis) « Home practice gagement interview
program; 8 weeks ~ Women at risk for ods—flyersand via completion (qualitative) at session
[33] depressive relapse service providers o Paticipantengage- completion
(37 participants); o Prescreening by ment (eg, comple-
open trial—no con- phone tion of sessions,
trol group o Intakeinterview in practice per week,
person or by phone and time)
e Participant enroll-
ment and flow (eg,
reasons for declin-
ing to participate)
Web-basedmodules.  Investigatetheeffec- «  Eligibility—control «  Participant CON-  «  Assistancewasof- /A€
web-based maternity  tiveness of aweb- (n=75) and experi- SORT flow diagram fered viatele-
health records, ante- based antenatal care mental (n=80) (enrollment, follow- phone, email, web

natal health educa-
tion, self-manage-

ment journals, and
infant birth records
[34]

and education sys-
tem on pregnancy-
related stress, gener-
a self-efficacy, and
satisfaction with an-
tenatal care (135
participants) quasi-
experimental design

group at pretest
Recruitment meth-
ods (convenience
sampling)
Assignment meth-
ods to experimental
or control groups

up, and analysis)
Attrition

conferencing, or
face-to-face guid-
ance

Follow-up phone
callswere madeto
the participants
Attrition

a\IMB: Mindful Mood Balance.
PCONSORT: Consolidated Standards of Reporting Trials.

°N/A: not applicable.
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Table 3. Group 3: pilot studies (N=7).
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Intervention type,

Study aims (sample

Engagement measures:

Engagement measures:

Engagement measures:

Engagement measures:

format, and duration size) connect attend participate enact
Brief web-based Assess positive «  Eligibility o Only1session « Compliance(misss «  Acceptability—an
self-helpinterven-  mood in participat- «  Recruitment meth- ing data) open-response
tion—5 components  ing mothers of ba- ods—internet, question at theend
considered effective  biesand toddlers (80 | egflets, and commu- of theintervention
inchallengingnega-  participants) nity postnatal (qualitative)
tive beliefs[35] groups « Implicationsfor
« Randomization policy and practice
methods
Automated self-help Assesstheefficacy o  Assessedfordigibil- »  Participant CON-  «  Automated email «  Includes discus-
internet intervention;  of theinterventionto ity (n=5071) SORT®flow dia- messages sion on experience
8 lessons—accessi-  reducetheriskof o Consented (n=2966) gram (dligibility, «  Automated self- and engagement
ble anytime [36] postnatal depression «  Recruitment meth- consent, allocation, help viawebsite and feedback as-
in participating ods—web-based follow-up, andanal- *  Log-ins,tota time sessment
women (111 partici- search enginedirec- ysis) spent logged into
pants) tories, (eg, Google ,  Adherence the website, and
advertisements thelast lesson
“sponsored links") viewed recorded
« Randomization e  Module feedback
methods on the materials
« Initia log-insto the viewed (eg, useful-
website ness and under-
standability)
o Attrition
Minimal contact au- Assessacceptability «  Eligibility «  Compliance o Attrition «  Feedback assess-
tomated SMStext  of anSMStextmes- «  Recruitment meth- ment (qualitative)
messaging; Baby- saging program to ods—flyersat gener- «  Acceptability as-
Text program [37] prevent postpartum al public bulletin sessment
depression (10 partic- boards and commu-
ipants[pregnant and nity agencies; web-
postpartum women]) sites and blogs
Intervention—self-  Assessfeasibility o Study 1: eligibility «  Study 1:compliance «  Attrition «  Study 1: no
guided; 15 steps, and acceptability; and recruitment with baselineand2 .  Feasibility and ac- postintervention
each of which takes study 1 (n=6): ef- methods (flyers at conditions (teaching ceptability measures
45 minutes [38] fectsof asingle antenatal classes) and practice) o Study 2: postinter-
teaching and o Study 2: digibility «  Study 2: compliance vention assess-
biofeedback session and recruitment to complete 15 steps ment and inter-
on maternal and fe- methods (flyers at view
tal biofeedback; antenatal classes) «  Qualitativefol-
study 2 (n=9): effect low-up
of consumer satisfac-
tion
8-week web-based A geessa CBTP peer * User-centered-de- «  Participant CON-  «  Email notifica- o Usaility and satis-
prevention interven- support intervention sign, recruited via SORT flow diagram tions faction (Usability,
tion; website plus to prevent postnatal flyers (screened, complet- «  Total log-ins and Satisfaction, and
initial phonecall; 16 depressioninpartici- Assessed for digibil- ed the baseline as- completion of Ease of Use ques-
coredidacticlessons  pants (24 partici- ity (n=216) sessment, and en- tools and lessons tionnaire)
plus 3 postpartum pants) «  Completed basdline rolled) o Peer support fea
booster sessionsand assessment (n=30) «  Adherence tures (likes, com-
5 associated tools « Enrolled and ran- ments, nudges,
[39] domization methods and posts)
«  Reporting of attri-

tion and site use
(log-ins); usahility
and acceptability
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Intervention type,
format, and duration

Study aims (sample
size)

Engagement measures:
connect

Engagement measures:
attend

Engagement measures:
participate

Engagement measures:
enact

Self-guided, web-

Explorethe process-

Assessed for digibil- o

based interventionto  es underlying thera- ity (n=643)
prevent postpartum  peutic change for «  Email invitation to
depression symp- participantsin the participate

toms, BeaMom; 5
modules [40]

Web-based mindful-

intervention (194
participants)

Assess the effect of

Recruitment meth-
ods—inpersonand
web-based
Reasons for exclu-
sion

Basdline assessment
(n=241)
Randomization
methods (interven-
tion or waitlist con-
trol)

Assessed for digibil-  »

Participant CON-  «
SORT flow diagram
(eligibility, enrolled,

Email reminders
after 7 days with-
out accessinginter-

« Postintervention
measuresincluded
emotion regula-

ness and gratitude  anovel gratitude and ity (n=362)
intervention 4times mindfulness-based «  Recruitment meth-
aweek for 3weeks intervention on pre- ods—posters,
[41] natal stress, cortisol leaflets, and preg-
levels, and well-be- nancy forums
ing in participating «  Reasonsfor exclu-
women (46 partici- sion
pants) « Randomization
methods
e  SMStext message
reminders
« Noadditiona con-
tact with the study
team during the
study period

randomized, and vention tion, psychological
follow-up) « Attrition flexibility, and
Adherence self-compassion
Participant CON-  «  Participant adher- «  Limitationsin fi-
SORT flow diagram ence was evaluat- delity evaluation
(enrollment, alloca- ed asthe total fre-
tion, follow-up, quency of comple-
analysis) tion of the web-

based diary entries

«  Proxy measurefor
full intervention
use

8CONSORT: Consolidated Standards of Reporting Trials.
bCBT: cognitive behavioral therapy.

Variables Assessed to Evaluate Engagement

Overview

Participant engagement was evaluated using the CAPE model
of engagement [25], which is described in more detail in the
following sections. Three-quarters of al the studiesincluded a
CONSORT (Consolidated Standards of Reporting Trials)
participant flow diagram with similarities in reporting (ie,
enrollment, allocation, follow-up, and analysis). In terms of
strategies to prompt engagement and promote retention
(attendance and participation), various methods were used and
reported, including email and text reminders, peer support
features, and phone calls to participants.

Connect: Exposure and Enrollment

Connect was operationally defined as the proportion of
participants who entered the study and started the intervention
relative to those who were aware of the study. Although many
studies reported the exposure methods for the target audience,
for example, advertising via Facebook, Twitter, web-based
email lists, community sites (medical and retail), and third-party
websites (Ashford et a [13], Krusche et al [54], and Felder et
al [33]), there wererarely reporting of the total population size
exposed to advertising and other recruitment means. Many
studies reported eligible participants who made the initial

https://www.jmir.org/2022/8/e36620

contact. For example, Barrera et al [36] reported eligible
participants (n=5071) asfemale, pregnant, aged >18 years, and
interested in the study website for personal use. From this total
group, 2966 participants went on to participate by signing an
informed consent form. A further 2114 potential participants
were excluded, and the reported reasonsincluded website error,
current or missing status of major depressive episodes, and
incomplete baseline. The fina number of randomized
participants was 852. Given the substantial drop-off between
exposure to recruitment methods and randomization, reporting
metrics at each stage of this process can highlight where efforts
must be targeted to increase engagement.

All studies in this review reported enrollment rates in the
intervention, which we defined as those who commenced the
intervention relative to those who expressed interest in the study.
Conversion to commencement was based on multiple factors,
not just the participants decision to engage, both dependent
and independent of the inclusion or exclusion criteria. Most
studies in this review reported reasons for exclusion, ranging
from lack of contact or completion of baseline surveys to
elevated mental distress scores. Enrollment rates varied from a
high rate of 82% (Chan et al [50]; group 1) commencing from
the eligible study sample, with the lowest enrollment rate at
12% (Duffecy et a [39]; group 3). Generally, there were higher
enrollment ratesin the group 1 studies (clustering approximately
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60%) than in group 3 (clustering approximately 25%). Only
one of the studies reported strategies designed to increase
enrollment. Duffecy et al [39] undertook a user-centered design
process before the pilot trial to engage women from the target
population in the intervention-building process. However, this
study also reported the lowest enrollment rate.

Attend: Retention and Continuous Presence

In face-to-face interventions, attendance refersto the proportion
of the sessions attended by each participant. Ideally, for digital
interventions, attendance would be a measure of the amount of
intervention completed (eg, the mean number of intervention
modules relative to the total number of modules) or similar,
such asthe number of participantswho completed all web-based
interventions. This information was not stated in any of the

Daviset a

studies included in this review. As a result, we calculated a
proxy for intervention attendance as study attendance,
operationally defined as intervention retention and continuous
presence (continued interaction with the intervention), in both
the intervention and control arms (where controls were used).
All studies reported retention in terms of the rate of those who
enrolled versus those who completed the study.

The highest reported study retention (groups 1 and 3) was
reported by Ayers et a [35] at 90%. Barrera et a [36] had the
lowest intervention retention at 13%. (Figure 3 [13,50-54] and
Figure 4 [35,36,39-41]).

In the control arm, Guo et al [53] had the highest participant
retention rate of 89%, whereas Barreraet a [36] had the lowest
at 13%.

Figure 3. Participant retention in the intervention arm (group 1); 95% Cls determined by test of proportions[13,50-54].

Participant retention, control arm
Group 1, 95% Cls determined by a test of proportions

Guo et al, 2020 -

Shorey et al, 2017 -

Gammer et al, 2020 -

Trial ID

Chan et al, 2019 -

Ashford et al, 2018 -

Krusche et al, 2018 -

50 75 100

Participant retention (%)
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Figure 4. Participant retention in the intervention arm (group 3); 95% Cls determined by test of proportions [35,36,39-41].

Participant retention, intervention arm
Group 3, 95% Cls determined by a test of proportions
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Participate: Active Engagement

Participation was operationally defined as the completion of
intervention activities; that is, active engagement with the
intervention material. Follow-up prompts to encourage
participation varied across studies; however, there were mostly
weekly reminders such as SM Stext messages, emails, and phone
calls. A broad spectrum of metrics was used to report ongoing
participation in each study, including module views, module
and home practice completions, engagement with web-based
components, use of the app (frequency of log-ins) and other
relevant services (eg, antenatal classes), number and duration
of support calls, and web-based diary entries. The heterogeneous
nature of recording these activities is appropriate for the types
of intervention strategies but limits our ability to consistently
report and compare across studies.

https://www.jmir.org/2022/8/e36620

Participant retention (%)

Enact: Sustained Practice (Leading to Long-term
WelI-being Effects)

The limited follow-up period restricted our ability to report
against measures indicating that participants applied and
practiced learning skills [24]. Immediate postintervention
follow-up was reported by all studies through acombination of
self-report  assessments, interviews, program accessibility,
acceptability, and satisfaction; however, thisdid not necessarily
include commentary on putting skills into practice
Approximately 31% (5/16) of studies undertook postintervention
interviewsto unpack outcomes such as usefulness, satisfaction,
experience, and engagement. Theseinterviews contributed more
robust information to the user experience and provided some
insight into the reasons for participation or enactment (or lack
thereof) but not necessarily on the enactment itself (ie, use of
the intervention skills). For example, internet-based What Am
| Worried About (Ashford, 2018) was experienced as not
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user-friendly enough, too long, and not smartphone-friendly.
Parts of the content were experienced as not always relevant or
appropriate. The participants felt that the program could be
improved by having it in a smartphone app format and by
making the content more concise and inclusive of different
parenting styles. Guo et al [53] had the highest participation
rate and longest follow-up period (12 months post partum), and
participants rated the program as highly useful.

L ogic M odel Development

Through the analysis and reporting of each study, we recorded
the types of quantitative and qualitative measures found in the
selected studiesthat could be used to measure engagement. This
enabled us to systematically construct alogic model based on
our understanding of how interventions are expected to work.
Thiswas particularly pertinent for this systematic review aswe
did not perform a meta-analysis. As indicated, we grouped
variables related to the CAPE framework; the logic model
includesarange of metricsthat could be systematically reported

Table 4. Proposed reportable metrics: engagement.

Daviset a

when synthesizing engagement data to visualy interpret the
underlying theory of change.

The logic model (Figure 1) contains 6 columns detailing the
intended pathway from inputs (engagement strategies) to
long-term outcomes or impacts. This approach takes a
long-standing view of interventions to achieve their intended
consequences. To build this model, we incorporated the types
of measures undertaken in each study in this systematic review,
aswell asabroader range of CAPE measuresfound in thewider
literature. The logic model indicates the point in the pathway
at which the data should be collected. Mechanisms of action
arefactorsthat may facilitate engagement using astrength-based
approach.

As part of this systematic review, we aimed to develop aguide
for future data collection to enable consistent engagement
reporting in web-based (and offling) interventions. Table 4
outlines arange of metricsthat could be consistently appliedin
future data collection and reporting to enhance understanding
of engagement and enable comparativeintervention assessments.

CAPE2model of engage- Measures Definitions
ment
Connect Exposure and enrollment (ratesshouldbe «  Defined target population (ideally with population size if available)
reported for each trial arm separately) «  Methods of recruitment and size or proportion of the population ex-
posed to each recruitment method
«  Enrollment rate: proportion of participantswho start the intervention
relative to those who are exposed to the intervention and those who
provide consent for the study
«  Connection rate: proportion of recruited participants electing to enroll
relative to those who are eligible
Attend Intervention retention «  Proportion of participants who complete the intervention relative to
those who enroll in the intervention
« Mean, SD, and range of the number of modules completed
Participate Intervention activity « Active engagement (depending on the nature of the intervention; this
may be module completions, exercise completions, proportion of
videos watched, and response to emails)
«  Log-ins(frequency and duration)
«  Time spent logged into the website or app
«  Useof recommended resources (eg, downloads of additional resources
and clicks to suggested websites)
Enact Sustained practice «  Follow-up reports (eg, questionnaires about the use and application

of learned strategies or skills taught from the DM Hlb)
«  Postintervention interviews about using skillsin everyday life
«  Sustained behavior change

8CAPE: Connect, Attend, Participate, and Enact.
PDMHI: digital mental health intervention.

Discussion

Principal Findings

In this systematic review, we categorized the selected studies
according to study type and assessed their individual and pooled
characteristics. We applied the CAPE framework [25] to all
studies so that we could collectively assess and compare
connection, attendance, participation, and enactment. Reporting

https://www.jmir.org/2022/8/e36620

of connection and attendance measureswasfairly standardized
across studies and frequently reported using a CONSORT
diagram; therefore, the number of peoplewho wereédligibleand
expressed interest in participating, proportion of participants
recruited and entered in the study, and proportion of participants
who were randomized and followed up, including treatment not
started and attrition rates, was clear. Approximately 75% (12/16)
of studies, provided a CONSORT participant flow diagram
(indicating aspects of attendance); however, the reporting
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categories and terminol ogy varied between diagrams. In general,
the least freguently reported domain was enactment (ie,
real-world use of intervention skills), with only 38% (6/16) of
studies clearly recording and reporting results such as
satisfaction, usefulness, helpfulness, and perceived benefits of
the skillslearned in the intervention.

Some studies reported strategies to increase connection. For
example, Ashford et a [13] included specific details on
recruitment methods, such as socia mediaplatforms, parenthood
websites, and the use of posters and flyersin clinical settings.
However, other studies reported minimal details of recruitment
methods (eg, Guo et al [53]). No study reported information on
the background target population size; that is, the total potential
pool of digible participants. Thismight be auseful future metric
to determine and report as an indicator of the total target
population reach and the effective strategies that engage them.

As previously defined, attendance is a measure of DMHI
completion through modules or similar exercises. As this was
not definitively reported, for attendance, we calculated a proxy
for intervention attendance as study attendance, operationally
defined asintervention retention and continuous presence, both
intheintervention and control arms (RCTs). Guo et a [53] had
the highest participant retention and the lowest lost to follow-up
participant rate in both the intervention and control groups; the
intervention group showed significant improvement in
depressive and anxiety behaviors. Thewomen in this study were
at a higher risk of presenting with psychological distress at
baseline; although they fit our inclusion criteria, they may have
had increased motivation to attend. Duffecy et a [39] undertook
a user-centered design process before the pilot trial to engage
women from the target population in the intervention-building
process and consult on aspects such astopics, sites, and usability
of potential applications. In theory, this should support
attendance by reducing attrition and improving retention;
however, dropout from baseline assessments to 6 weeks post
partum was high (63%) [39]. Werecommend that future studies
report both intervention attendance and study attendance asthey
are distinct metrics.

A key concern in web-based interventions is the lack of
participation [18]. Logs of access and use of web-based
interventions can give researchersinsight into peopl €’ sbehavior.
As Piotrowska et al [25] suggest, “ The CAPE model proposes
that despite theimmenseimportance of connecting with parents
and encouraging their attendance, it is active participation that
has the greatest impact on parenting.” Digital interventions
provide tools for learning more about participant engagement
and how this relates to retention and intervention outcomes, as
well as how they might beimproved through the use of different
ongoing engagement strategies. Crouper et a [18] quantified
participant engagement using data such as dosage, exposure, or
adherence. In this systematic review, few studies reported clear
metrics for participation, with the exceptions of Duffecy et al
[39] and Barrera et al [36]. Other suggested metrics for future
research include downloading suggested resources or websites,
watching suggested videos, completing quizzes and homework,
or other metricsthat indicate that the participant is continuously
engaging with the intervention. Additional features that have
potential but continue to be underexplored and underused

https://www.jmir.org/2022/8/e36620
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include chatbots, games, storytelling, rewards, avatars, and
personalization [42]. These features could be developed to
improve participation in interventions, general app use, and
studies.

Enactment is difficult to define but should be represented by
measuresindicating that participants put what they learned from
the program into practice [24]. The limited follow-up of these
studies restricted our ability to report these criteria. Only one
study, Guo et a [53], followed up for any length of time, and
only 31% (5/16) of studies conducted exit or follow-up
interviews [13,33,35-37]. These interviews contributed more
robust information on the user experience. Studies assessing
skill development and use underscore the potential pathways
in self-guided internet therapy, such as cognitive behavioral
therapy, as mechanisms of positive clinical change [43,44].
Although these studies target clinical groups, they contribute
to reinforcing the need to capture behavioral skill adaptations
beyond the duration of the intervention.

Understanding the barriers to and enablers of real-world utility
and practiceiscrucial if app developers want pragmatic uptake
and efficacy of interventions. Sufficient resourcing may be a
factor inlongitudina follow-up; however, to leverage the impact
and cost-effectiveness of interventions, studies should factor
longer-term assessments in the design process from
conceptualization. Nevertheless, easier and low-cost measures
of enactment are possible and suggested for future research,
including questionnaires on the frequency of using skillstaught
during the intervention.

Interpreting Results Using a L ogic M odel

As part of thisreview, we developed alogic model to facilitate
the process of gathering and integrating studies of complex
interventions to better inform our interpretations of cumulative
results. The logic model included synthesized data capture and
engagement methods used in each study. Theoretically, logic
models need moderating or mediating factors to understand
how the pathway devel ops. In these studies, there wasacommon
strength-based approach, such as skill development, confidence,
satisfaction, and self-efficacy. Overall, the heterogeneous nature
of the data collection meant that we were unable to undertake
a meta-analysis, however, the range of methods and types of
data collection is useful in guiding future web-based
interventions targeting this population group and helping
decision-makers understand the rational e for how interventions
are expected to work and what enablers keep participants
engaged to ultimately achieve the intended outcomes.

There is a need for a greater understanding of the
individual-level, real-world factors affecting engagement in
home and minimal contact practice interventions to ascertain
how participants experience interventions and how this relates
to their outcomes [19]. Exit and follow-up interviews can
provide a deeper understanding of participants experiencesto
strengthen real-life sustained engagement in that modality.
Experience of an intervention needs to be user-friendly,
accessible, and positive, which should be considered in
promoting material that is most effective and helpful for users
to engage from the outset.
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Limitations of This Systematic Review

As the studies in this review were diverse in terms of study
design, therapeutic intervention approach and delivery, length
of follow-up, and outcome measures, we summarized the
engagement data using the CAPE framework but were unable
to perform ameta-analysis of the data. Attrition rateswere high
in many studies, and the number of participants was small,
particularly in some pilot studies. We were unableto report this
in terms of increasing our understanding of sustained practice
as there was limited follow-up in most studies. There are
inconsistent reports and terminology regarding engagement
behavior. Inconsistencies in language between studies and
interchangeability of terms, for example, attrition, withdrawal,
dropout, and loss to follow-up, make direct comparison and
systematic analysis challenging. Another potential limitation
of this review is the lack of inclusion of studies in languages
other than English. In addition, the protracted nature of
systematic reviews meansthat the original search was concluded
in 2020 and was affected by delays because of the COVID-19
pandemic. Since then, additional studies may have been
published and not included in this review but would not
necessarily affect our general conclusions or implications for
using the logic model or reporting matrix.

Strengths and Future Work

The ability to leverage several frameworks enhanced this
systematic review. The SWiM guidelines, part of the Cochrane
methods, directed our synthesis and reporting. In addition, the
CAPE framework provided an evidence-based approach to
reporting on intervention engagement; using this framework,
we were ableto propose clear metrics for future reporting. It is
recommended that future research provide engagement analytics
to more clearly delineate between study and intervention
compliance, particularly longer-term enactment or sustained
practice to reflect pragmatic efficacy. The research team has a
strong focus on research trand ation; therefore, the incorporation
of alogic model providesaclear pathway for decision-makers,
such as policy makers and commissioners, to interpret and guide
the key constructs and evaluation metrics in future digital
interventionsin thisfield of research.

There is substantial evidence that psychological programs
delivered on the web can be effectivein treating and preventing
mental health problems; however, the uptake of these programs
can be suboptimal, and thereremains alack of evidence on how
to increase engagement with evidence-based programs [45].
Poor adherenceisacommon feature of web-based mental health
programs, which affects intervention outcomes [45] and limits
real-world efficacy. Eisenstadt et a [42] discussed in their recent
systematic review that adherence and retention continue to be
challengesto the quality of research, with little or no information
about reasonsfor dropouts given across studies. Further research
is needed to unpack the key constructs of experience, including
microlevel reporting and qualitative, phenomenological
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investigation via one-to-one postprogram interviews. Future
reporting of DMHI using the CAPE framework could be used
to ascertain the cost-benefit of an intervention; that is, if the
conversion, recruitment, retention, and participation rates are
high, the intervention is likely to be more cost-effective.
However, this must be considered alongside the efficacy of the
intervention and real-world application. The motivation for
engaging in research studies is very different from real-world
engagement experiences.

Advances in technology, particularly the internet, have proven
to be an effective tool for building individual skills as it is
inexpensive and accessible, both geographically and temporally.
Despite promising results, internet interventions are still not
widely disseminated or well-integrated into health services;
successfully doing so will, in part, depend on engagement. As
mental health apps have proliferated, choosing among them has
become increasingly challenging for not only patients but also
clinicians [46]. To address this, we need to understand the
barriers and enablers for the delivery and sustainability of
internet interventions in practice [17], as well as how we can
engage not only participants but also health practitioners to
support and disseminate effective interventions. Thisincreased
understanding will enable appropriate investment, optimization,
and uptake of targeted well-being programs, such as those
developed for perinatal women, with the ultimate aim of
preventing poor mental health among women and their children.

Conclusions

Toinvest in accessible, long-term, sustainable health solutions,
researchers, policy makers, and clinicians must identify optimal
interventions that can be targeted to help specific risk groups
or in specific contexts. Advances in technology, particularly
the internet, have proven to be an effective tool for building
individual skills as it is inexpensive and widely accessible.
Pregnancy and the postnatal period can be times of increased
psychological distress; therefore, it is an optima time to
intervene with strength-based tools to build affirmative
self-efficacy. Although several studiesin thisfield demonstrate
efficacy, few robustly explorethe construct of engagement, and
in particular, there is limited evidence of the long-term
enactment of the strategies learned. Our results indicate a
disparity in the reporting of short- and long-term participant
engagement behaviors, and we recommend the adoption of
standardized metrics for reporting DMHI engagement in both
research and real-world settings. This systematic review
provides a framework for understanding the pathways for
enhancing the mental well-being of mothers and their infants.
With the world experiencing an endemic escalation in poor
mental health across the life course, both in low- and
high-income countries [55], it is imperative that we create
practical, evidence-based, cost-effective, and scalable solutions
to protect current and future generations.
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Abstract

Background: Cancer screening provision in resource-constrained settings tends to be opportunistic, and uptake tends to be low,
leading to delayed presentation and treatment and poor survival.

Objective: The aim of this study wasto identify, review, map, and summarize findings from different types of literature reviews
on the use of mobile health (mHealth) technologies to improve the uptake of cancer screening.

Methods: The review methodology was guided by the PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews). Ovid MEDLINE, PyscINFO, and Embase were searched from inception to May
2021. The dligible criteriaincluded reviews that focused on studies of interventions that used mobile phone devices to promote
and deliver cancer screening and described the effectiveness or implementation of mHealth intervention outcomes. Key data
fields such as study aims, types of cancer, mHealth formats, and outcomes were extracted, and the data were analyzed to address
the objective of the review.

Results: Our initial search identified 1981 titles, of which 12 (0.61%) reviews met the inclusion criteria (systematic reviews:
n=6, 50%; scoping reviews. n=4, 33%; rapid reviews: n=1, 8%; narrativereviews. n=1, 8%). Most (57/67, 85%) of theinterventions
targeted breast and cervical cancer awareness and screening uptake. The most commonly used mHealth technologiesfor increasing
cancer screening uptake were SM Stext messages and telephone calls. Overall, mHealth interventionsincreased knowledge about
screening and had high acceptance among participants. The likelihood of achieving improved uptake-related outcomes increased
when interventions used >1 mode of communication (telephone reminders, physical invitation | etters, and educational pamphlets)
together with mHealth.

Conclusions: mHealth interventions increase cancer screening uptake, although multiple modes used in combination seem to
be more effective.

(J Med I nternet Res 2022;24(8):€36316) doi:10.2196/36316

KEYWORDS

mobile health; mHealth; cancer screening; scoping review of reviews; cancer; cancer detection; oncology; digital health; scoping
review; review; mobile phone
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Introduction

Background

Globally, cancer is the second leading cause of death; it
accounted for approximately 9.6 million deaths in 2018 [1].
Cancer incidence and mortality are predicted to increase to 30.2
million cases and 16.3 million deaths by 2040, respectively,
because of aging populations and the adoption of unhealthy
lifestyles[2]. Delay between symptom onset and treatment leads
to poorer cancer survival [3]. Screening increases the chance
of early detection and treatment and, ultimately, survival. In
many high-income countries, popul ation-based cancer screening
is available for four common cancers and has contributed to
reduced breast cancer [4], cervica cancer [5], prostate cancer
[6], and colorectal cancer [7] mortality. However, cancer
screening in the majority of low- and middle-income countries
(LMICs) is opportunistic, and uptake is low compared with
cancer screening in high-income countries, leading to delayed
presentation, treatment, and survival [8]; for example, the uptake
of mammogram screening was 12% to 31% in Brazil [9] and
7% to 25% in Malaysia[10] compared with 66% in Germany
[11] and 75% in Spain [12]. Low uptake of cancer screening
might indicate poor awareness and knowledge of cancer and
cancer screening among the public; for example, Asian Pacific
populations with the lowest uptake of colorectal cancer
screening, such as India, Maaysia, Indonesia, Pakistan, and
Brunei, had correspondingly low levels of awareness and
knowledge of colorectal cancer symptoms, risk factors, and
screening tests [13]. Poor knowledge about, and negative
perceptions toward, mammogram screening are major barriers
to mammogram screening uptake in Malaysia [10].

Digital health care, that is, the use of digital technologies for
health, is now commonly used in public health care as well as
primary health care [14]. According to the World Health
Organization Global Observatory for eHealth, mobile health
(mHealth) is defined as “medical and public hedth practice
supported by the use of mobile devices’ such as mobile phones,
smartphones, and tablet computers [15]. Worldwide, there are
approximately 5.3 billion uniqgue mobile phone users,
representing 67.1% of the total population, and smartphones
account for approximately 75% of the mobile phones in use
[16]. The high penetration rate of mobile phones allowstimely
data collection aswell as transmission and analysis of the data.
Thus, mHealth holds great potential for improving health
outcomes because of its mobility, instantaneous access, and
ease of use. Some of the common mHealth apps offer patient
education and behavior change communication, data collection
and reporting, population health registries and vital event
tracking, and electronic health records, as well as provider
training and education [17]. mHealth interventions have a
positive impact on clinical outcomes, adherence to treatment
and care, health behavior changes, disease management, and
primary care attendance rates with regard to various diseases
[18]. mHealth has also been used in cancer self-care and
self-management among cancer survivorsto improve sleep and
quality of life; reduce fatigue, stress, and pain; and promote
health behaviors such as weight loss [19-22]. The role of
mHealth in promoting cancer screening has been explored in

https://www.jmir.org/2022/8/e36316
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different types of reviews. However, it is unknown whether
similar findings are observed across the reviews.

Objectives

This scoping review aimed to map and summarize findingsfrom
systematic, scoping, narrative, and rapid reviews on the use of
mHealth in cancer screening, aswell as other screening-related
outcomes such as attitudes toward screening and knowledge
and awareness of screening. We also included implementation
considerations for successful mHealth interventions in
improving cancer screening uptake and screening-related
outcomes.

Methods

Overview

This scoping review of reviews was conducted based on the
framework of Arksey and O'Malley [23] and using the
PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Anayses extension for Scoping Reviews)
guidelines [24]. The protocol of this review has not been
preregistered. As the use of mHealth in relation to cancer
screening isarelatively nascent field of study, ascoping review
is useful in mapping the published literature comprehensively
and systematically. The review was guided by the following
5-step framework: (1) identifying the research question; (2)
identifying relevant studies; (3) study selection; (4) charting the
data; and (5) collating, summarizing, and reporting the results.

Search Strategy

Wefirst searched Ovid MEDLINE, PyscINFO, and Embasefor
relevant literature on February 1, 2021, using two categories of
key terms: mHealth and early detection of cancer. We then
refined the search on May 17, 2021. The key terms were based
on Medical Subject Headingsindexing aswell asfree-text terms.
We combined key terms from the same category with OR and
between categories with AND. The search strategy was
developed in Ovid MEDLINE (Multimedia Appendix 1) and
adapted for the other databases. We also hand searched the
reference lists of selected reviews for relevant reviews. All
searcheswere exported into EndNote (Clarivate), and duplicates
were removed.

Inclusion Criteria

Papers were included if they satisfied al of the following
criteria: (1) areview of any type, (2) the reviewed interventions
related to cancer screening (for any cancer type) that were
conducted on mobile devices such as mobile phones and tabl et
computers, (3) described the effectiveness and implementation
of mHealth interventions on outcomes related to cancer
screening, (4) included adults aged >18 years from the general
population, and (5) published in English in peer-reviewed
journals from inception up to May 2021. We excluded reviews
that did not specify the use of mobile technologies but instead
reported modes of delivery such as web-based and
computer-delivered programs and videos.
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Selection of Reviews WMKH independently for inclusion, with discrepanciesresolved
We selected the relevant reviews using a 3-stage process: (1) through discussionwith DS, MMT, and WMKH; and (3) MMT

MMT and WMKH conducted theinitial screening of titlesand ~ @1d WMKH extracted relevant data. The screening process is

abstracts to determine digibility for inclusion; (2) WMKH Provided in the PRISMA (Preferred Reporting Items for
retrieved full texts, which were screened by DS, MMT, and Systematic Reviews and Meta-Analyses) flowchart (Figure 1).

Figure1l. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.

c Records identified from the
= following databases:
] Records removed before
E Ovid MEDLINE (n=161) screening:
= EMBASE (n=1680) Duplicate records removed
© PsycINFO (n=217) (n=192)
Other (n=25) >
e
k4
Records screened Records excluded
(n=1891) (N=186T)
k4
= :
= Full-text articles sought for
g retrieval
£ (n=24)
3
A4
Full-text articles assessed for
eligibility | Full-text articles excluded with reason (n=12):
(n=24) Mo cancer screening—related outcomes (n=5)
S Mo mHealth component (n=6)
Target population is children (n=1)

Y

Studies included in review
(n=12)

. . selected reviews. For reviewsthat included studiesthat focused
Data Extraction and Charting on mHeath and studies that did not, we only extracted
The following data were extracted by MMT and WMKH from  information specifically reported on the studies that included
each selected review into an Excel (Microsoft Corporation) mHealth. Information related to the quality of the reviews was
spreadsheet: not assessed.

« Review identifiers (author, year, country, type of review, R |
number of studies, time range, intervention duration, and esults

follow-up duration) Literature Search

« Study aim

. Typé of cancer mentioned in the relevant studies in the Our initial search identified 2083 citations, resulting in 1981
review (95.1%) unique citations after removal of duplicates (Figure 1).

- Types of mHealth mentioned in the relevant studiesin the The titles and abstracts were assessed based on the inclusion
review criteria, and of the 1981 unique citations, 24 (1.21%) were

- Details of intervention procedures included for full-text screening. Of these 24 reviews, 12 (50%)

. Outcome measures (awareness, knowledge, or attitude; ~Wereexcluded after the full-text screen: 5 (42%) did not include

screening uptake; and implementation-related outcomes)  cancer screening-related outcomes, 6 (50%) did not include

- Key stakeholders in delivering the mHealth intervention, mHealth components, and 1 (8%) included children as their
if any target population. Hence, of the 24 reviewsincluded for full-text

screening, 12 (50%) wereincluded in this scoping review. Table

If the aforementioned data were not reported in the selected 1 g mmarizesthe characteristics of the included reviews.

reviews, we referred to the individual studies included in the
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Table 1. Characteristics of included reviews.
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Study Typeof  Aim Timeframe  Total number of Type of mHealth® in relevant  Key Stakeholders delivering
review of search studies; number of ' mHealth interventions
studies?
strategy relevant studies® by
cancer type

Bhochhib-  Scoping  Toidentify studies  January 1, 12; cervical cancer «  Telephoneappointment «  Telephone appointment

hoyaet a review that examined 2009, to (n=12, 3 of which (n=1) by midwife (n=1)

[25], 2020 mHealth programs ~ September,  were qualitative «  Telephonereminderwith «  Telephone counseling
that focused onin- 28, 2019 studies) tailored counseling ver- and reminders by re-
creasing cervica sus telephone reminder search staff (n=1)
cancer screening with print materials « Invitation telephone call
among women to (n=1) by clinical secretaries
determine if these «  SMStext message re- (n=1)
interventionsim- minders (n=3) «  Telephonecaller unspec-
proved adherence to « 15 behavior change ified (n=1)
screening and what messages with transporta-
factors (barriers and tion e-voucher versus
facilitators) were SM S text messages of
most influential |ocation and hours of the
among participants closest screening clinic

(n=1)

o Automated SMStext
messages or telephone
call reminders (n=1)

o  Automated SMStext
messages versus tele-
phone call re-
minders+tmanual tele-
phone call+face-to-face
interview (n=1)

o 3sequential SMStext
message reminders, fol-
lowed by 3 telephone
call attempts (n=1)

Uyetd Systemat- To assessthe effect  January 9; breast (n=5), cervi- « SMStext messagere- «  None

[26], 2017 icreview of SMStextmessag- 2000toJan- cal (n=1), and col- minder (n=5)
ing interventionson  uary 2017 orectal (n=3) cancers «  SMStext message re-
increasing patient minder plus letter (n=4)
adherenceto screen-
ing for breast, cervi-
cal, colorectal, and
lung cancers

Zhangetal  Systemat- Toquditatively syn- Upto Octo- 8 (1cross-sectional «  Invitation letter with « Motivationa interview

[27], 2020 icreview thesizepublishedar- ber 10, 2019 study); cervical can- pamphlet, followed by through telephone call

ticlesreporting the
impact of mHealth
on cervical cancer
screening—related
health behaviors

cer (N=7)

telephone reminder
(n=1)

o  Educational SMStext
messages (n=2)

o  Educational SMStext
message versus SMS
text message reminder
(n=1)

o  Educational SMStext
messages with transporta-
tion e-voucher versus
SM S text messages of
location and hours of the
closest screening clinic
(n=1)

«  Motivational interview
over thetelephone (n=1)

«  Training through SMS
text message, electronic
posters, infographics,
podcasts, and video tuto-
ria (n=1)

by nurses (n=1)
«  Telephonecaller unspec-
ified (n=1)
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Study Typeof  Aim Timeframe Total number of Type of mHealth? in relevant K@y Stakeholders delivering
review of search studies; number of studies mHeadlth interventions
strategy relevant studies® by
cancer type

Halakeand Scoping Toestablishtheex- 1990t02014 15; breast cancer . SMStextmessageinvitaa «  Not described
Ogoncho review tent and nature of (n=2) tion and cancer screen-
[28], 2017 the published and ing information (n=1)

gray literatureon the «  Smartphoneapptofacil-

use of mHealth- itate BSEd (n=1)

based technologies

for cancer preven-

tion, detection, and

management in

LMICs®
Choi et d Systemat- Toinvestigaterecent January 1, 18; skin cancer «  Educational SMStext «  Not described
[29],2018 icreview researchtrendsrelat- 2007,toDe- (n=1) message about skin self-

edtotheuse of mo- cember 31, examination (n=1)

biletechnology in 2017

the prevention and

management of skin

cancer, focusing on

how such technolo-

gy isevaluated and

what impact it hasin

each phase across

the cancer continu-

um
Houghtonet Systemat- Todeterminehow  UptoFebru- 69; breast cancer « Mammopad, adecision «  Mobile appspaired with
a [30],2019 icreview mobileappsarebe- ary 7,2019 (n=4) aid mobile app on iPad community health navi-

ing used for breast Mini (n=1) gators (n=2)

cancer prevention « Mobileappto assist

among women navigator (n=1)

across the cancer «  mMammogram mobile

Placketteta Scoping

[31], 2020 review

Musaet a Systemat-

[32], 2017 icreview
and meta-
analysis

control continuum

Tomaptheevidence 2004 to June
for social mediain- 2019
terventionsto im-

prove cancer screen-

ing and early diagno-

sis, including behav-

ior change, and how

the interventions fa-

cilitate behavior

change

To review the evi-
dence of the effec-
tiveness of provider
recommendations
for cervical cancer
screening on screen-
ing ratesin women
at risk for cervical
cancer

Upto Au-
gust 2016

23; breast (n=4) and
cervical (n=1) can-
cers

28; cervical cancer
(n=5)

app for SMStext mes-
sage (n=1)

«  Mobileapp for BSE
(n=1)

o  Facebook (n=3)
e Snapchat (n=1)

«  Telephone counseling
(n=1)

e«  SMStext message or
telephone reminder
(n=1)

.  Email, telephone, or
multimodal (let-
ter+email+telephone)
screening reminder and

o  Not described

«  Telephonecaller unspec-
ified (n=3)

«  Telephone counseling by
health educator (n=1)

«  Telemarketing company
(n=1)

invitation and education

flyer (n=1)
«  Telephone reminder
(n=1)

. Invitation letter and infor-

mation pamphlet, fol-
lowed by telephone re-

minder with counseling

(n=1)
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Study Typeof  Aim Timeframe Total number of Type of mHealth? in relevant K@y Stakeholders delivering
review of search studies; number of studies mHeadlth interventions
strategy relevant studies® by
cancer type
Duffy et a Rapidre- Toreview thecur-  Timeframe 68; breast (n=9), Automated telephone »  Colorectal cancer
[33],2017  view rent evidenceon ef-  not specified cervica (n=5), col- and SM S text message screening navigator
fectsof interventions orectal (n=2), and reminders or telephone (n=1)
to improve cancer stomach (n=1) can- outreach (n=1) «  Bilingual advocate at a
screening participa- cers Telephone reminder or community organization
tion, focusing in par- motivational telephone with experiencein tele-
ticular on effectsin cal (n=1) phone outreach (n=1)
underserved popula- Telephonecall tocon- «  Loca women recruited
tions firm receipt of invitation by Community Links, a
letter, followed by tele- community charity (n=1)
phone reminder (n=1) »  Female scheduler and
Telephone reminders female counselors (n=1)
(n=8) « Femaeresearch assis-
SMSS text message re- tants (n=1)
minder (n=3) «  Telephone counselors
Tailored telephone (n=2)
counseling (n=2) «  Trained GPereceptionist
Telephone appointment (n=1)
(n=1) « Volunteers (n=1)
»  Researcher (n=1)
o Research nurse (n=1)
«  Telemarketing company
(n=1)
«  Telephonecaller unspec-
ified (n=2)
Lottetal Scoping Tomaptheliterature Upto2019  19; cervica cancer SMSS text message re- «  Telephone counselors
[34], 2020 review on interventions to (n=3) minders (n=1) (n=1)
increase uptake of Telephonefollow-up and
cervical screeningin counseling (n=1)
sub-Saharan Africa Email (n=1)
and identify opportu-
nitiesfor futureinter-
vention development
and research
Dégliseceta Narrative To describe the UptoMay  17; breast cancer SMSS text message re- «  Not described
[35], 2012 review characteristicsand 2011 (n=1) minder
outcomes of SMS
text messaging inter-
ventions for disease
preventioninLMICs
and provide recom-
mendations for fu-
ture work
Peiriset a Systemat- To critically ap- UptoMay  48; breast cancer SMSS text message re- «  Not described
[36], 2014 icreview praisetherole of 2014 (n=1) minder

mHealth in improv-
ing health care quali-
ty for NCDS in
LMICs

3Relevant studies are studies that met the inclusion criteria for this review; for example, some reviews included diseases other than cancer. We only
reported results from the studies eval uating cancer-related interventions.

PmHealth: mobile health.
ELMICs: low- and middle-income countries.
9BSE: breast self-examination.

€GP: general practitioner.
'NCD: noncommunicable disease.
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Characteristics of Reviews

Theincluded reviews (n=12) were published between 2012 and
2020 (Table 1). Of the 12 reviews, 6 (50%) were systematic
reviews [26,27,29,30,32,36], of which 1 (17%) also included a
meta-anaysis[32]; 4 (33%) were scoping reviews[25,28,31,34];
1 (8%) was a rapid review [33]; and 1 (8%) was a narrative
review [35]. The 12 reviews reported different outcomes of the
studies that were relevant to this review of reviews (Table 2):
5 (42%) reported solely the effectiveness of mHealth
interventions on cancer screening [26,29,32-34]; 4 (33%)
reported outcomes in relation to cancer screening, change in
cancer knowledge, and attitudes to screening [25,27,30,31]; 2
(17%) reported outcomesin relation to breast self-examination
(BSE) practice [35,36]; and 1 reported outcomes in relation to
BSE and cancer screening [28]. Most (7/12, 58%) of thereviews
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included studies that were conducted mainly in high-income
Western countries [25,26,29-33], whereas 42% (5/12) focused
on LMICs [27,28,34-36], of which 20% (1/5) focused solely
on sub-Saharan Africa[34]. Intotal, 33% (4/12) of the reviews
focused on cervical cancer [25,27,32,34]; 8% (1/12) focused
on skin cancer [29]; 8% (1/12) focused on breast cancer [30];
8% (1/12) examined breast, cervical, lung, and colorectal cancers
[26]; 25% (3/12) included any type of cancer [28,31,33]; and 2
reviews focused on disease prevention in general [35,36]. In
terms of interventions, 42% (5/12) of the reviews included
interventions of various types of mHealth technologies
[25,27-29,36], 2 (33%) focused solely on SMS text messages
[26,35], 1 (17%) focused on social mediainterventions [31], 1
(17%) was specifically about mobile apps[30], and 25% (3/12)
included any type of communication (mHealth, face-to-face,
and other media) [32-34].
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Table 2. Summary of screening-related outcomes extracted from each review.

Schliemann et al

Study Outcomes
Screening outcomes Screening awareness-, knowledge-,  Implementation-related outcomes and
and attitude-related outcomes measures
Bhochhibhoyaeta «  Screening uptake: n=5/6a(9.1%-17.9% . Knowledgeimprovement: n=2/2 «  Advantages: convenient, timeeffec-
[25], 2020 increase between intervention group «  Attitude about screening: n=1/2 tive, ease of use, and ableto receive

Uy et a [26], 2017

Zhang et a [27],
2020

Halake and Ogoncho
[28], 2017

Choi et al [29], 2018

versus control group; 9.3% increase after
theintervention compared with before)b
Screening follow-up adherence: n=0/1
Effective methods: stepwise approach
(automated tel ephone callsand SM Stext
messages, followed by manual telephone
call and face-to-face interview), SMS
text messages only, telephone call only,
telephone appointment by midwives,
telephone reminders combined with
other methods such astailored counsel-
ing, and SM S text message with trans-
portation e-voucher

Screening uptake: n=5/9 (1.2%-9.9%
absolute increase)

Effective methods: SM S text message
reminder+letter and single SM'S text
message reminder

Screening uptake: n=3/5 (12.9%-50.9%
increase)

Screening follow-up: n=1/1 (91.8%-
93.5%; OR 1.37-1.40)

Effective methods: SM S text message
with transportation e-voucher, invitation
|etter with telephone reminder, re-
minders sent through letter, registered
letter, SM S text message or telephone
call, and telephone reminders or educa-
tional telephone call

Screening uptake: n=1/1 (30.7% and
31.6% increase)

BSE' practice: n=1/1

Effective method: BSE smartphone app

Screening uptake: n=1/1 (27% absolute
increase in skin self-examination)
Effective method: educational SMStext
messages with reminders

«  Perceived behavior control:
n=0/1

o Perceived barriers about screen-
ing: n=0/1

«  Belief about screening: n=1/1

o Screening intention: n=0/2

.  Effectivemethods: heal th-specif-
icand spiritually based SM Stext
messages and personally tailored
texts with statistical facts

«  Knowledgeimprovement: n=1/2

*  Perceived benefits of Pap® test:
n=1v1

«  Reduced barriers to undergoing
Pap smear: n=1/1

o Attitude about screening: n=0/1

«  Effective methods: a combina-
tion of SMStext message, elec-
tronic posters, infographics,
podcasts, and video tutorials

notification

«  Concerns: confidentiality of SMS
text messages, loss of the mobile
phones, clarity of the language
used, and receiving negative results
through SM'S text message

«  Barriers: inconvenient for older
participants, lack of texting profi-
ciency, difficulty in texting, and
apprehension that SM S text mes-
sages might not be clearly under-
stood

«  Enabling factors: contact prefer-
ences, cell phone ownership, and
portability of same number

«  Enhancing factors: message content
(reminder and informative) and
short and simple messaging formats

« Interestin receiving screening test
results through SM S text message:
n=0/1

« Interestin receiving screening test
results using nonprivate tel ephone:
n=1/1(OR 0.31, 95% Cl 0.18-0.51)

« Interest in receiving appointment
reminders through SM S text mes-
sage: n=1/1 (OR 14.19, 95% CI
1.72-117.13)

« Interest in receiving appointment
reminders using nonprivate tele-
phone: n=0/1
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Study Outcomes

Screening outcomes

Screening awareness-, knowledge-,
and attitude-related outcomes

I mplementation-related outcomes and
measures

Houghton et al [30], «
2019 .

Screening uptake: n=3/3

Effective methods: community health
workers (trained or untrained in patient
navigation) equipped with smartphone
app plus standard risk counselling and
mMammogram (SM S text messages
plus health navigator)

Plackett et al [31], «  Screening uptake: n=1/1 (12.9% in-

2020 crease)
«  Effective method: breast cancer screen-
ing service Facebook page
Musaet a [32], «  Screening uptake: n=5/6 (7.8%-31.1%
2017 absolute increase)

«  Reduced screening median time: n=1/1

«  Effective methods: direct invitation
mail+brochure+tel ephone counseling
by health educators; telephone reminder
with educational information and multi-
modal intervention; invitation letter and
information pamphlet, followed by
telephone reminder with counseling;
telephone reminder with educational in-
formation; and multimodal intervention

Duffy et al [33], .
2017

Screening uptake: n=13/16 (5%-45%
absolute increase)

e n=3/3, SMStext reminder studies;
n=11/13, telephone reminder studies

Lotteta [34],2020 .  Screening uptake: n=2/3 (8.6% differ-
ence in screening uptake between con-
trol and intervention groups; 51% in-
crease after the intervention)

.  Effective methods: SM S text message
about cervical cancer and context-specif-
ic barriers to screening (and SM S text
message plus e-voucher for transporta-
tion) and enhanced patient-centered
counseling with patient follow-up by
telephone (with or without escort to
cervical cancer screening)

Déglise et al [35], .
2012 .

BSE practice: n=1/1
Effective method: SM S text message
reminder to conduct BSE

«  Knowledgeimprovement: n=2/2 «
(33% increase)

o  Reduced decisional conflict: .
n=1/1

.  Sdf-efficacy: n=1/1

«  Screening intention: n=0/1

«  Screening readiness. n=1/1

«  Effective methods: smartphone
app plus standard risk counsel-
ing, mMMammogram (SM S text
messages plus health navigator),
and smartphone app decision aid
(Mammopad)

| ntervention satisfaction (mMammo-
gram): n=1/1

Effectiveness satisfaction (mMam-
mogram): n=1/1

«  Knowledgeimprovement: n=2/2 «

«  Screeningintention: n=1/1 (82%
increase)

«  Effective methods: Facebook or
face-to-face discussions for 2
weeks after 50-minute classroom
cervical cancer prevention edu-
cation lecture (female high
school students), receiving
breast cancer awarenessinforma
tion through Snapchat, and tai-
lored SM S text message mam-
mography campaign on Face-
book during Breast Cancer
Awareness Month

Using Facebook is acceptable for
delivering breast cancer screening
information: n=1/1
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Study Outcomes
Screening outcomes Screening awareness-, knowledge-,  Implementation-related outcomes and
and attitude-related outcomes measures
Peiris et al [36], «  BSE practice: n=1/1 — —
2014 «  Effective method: SMS text message

reminder to conduct BSE

3N umber of studies that reported a positive outcome out of the total number of studies that included the particular outcome.

bPercentage of change or odds ratios are included if available.
®Not available (ie, not reported).

dOR: odds ratio.

€Pap: Papanicolaou.

"BSE: breast self-examination.

Types of mHealth I nterventions

SMS text messages were the most commonly used mHealth
technology and were used in 46% (31/67) of the interventions.
They were mainly delivered as reminders of cancer screening
appointments, a one or in combination with tel ephone reminders,
physical invitation letters, and educationa pamphlets.
Educational SM S text messages, sent as aone-off or in aseries
over days or weeks, were also widely used. Their contents
included information about cancer risk factors, benefits of
screening, location and operating hours of screening clinics,
spiritually based health messages, and facts about cancer (eg,
incidence, mortality, and screening rates). Educational SMS
text messages were used alone or in combination with an
e-voucher (to subsidize the cost of transportation to and from
the screening facility) [37].

Text messageswere most commonly sent as SM Stext messages.
Inlater studies, they were also sent through | P-based messaging
services such as Telegram and Snapchat and mobile apps
specifically designed for theinterventions. Inalmost all (10/12,
83%) reviews, the delivery of SM Stext messages was one-way,
8% (1/12) of the reviewsreported an intervention that included
a specifically designed mobile app (mMammogram) that
featured personally tailored messages [38], and 8% (1/12) used
social mediafor communication [31].

Telephone calls were used in 40% (27/67) of the interventions
mostly as cancer screening invitations and reminders and to
arrange screening appointments. Telephone reminders,
automated or live, were used alone or with SM S text message
reminders, screening invitation letters, and pamphlets.
Participants were contacted through telephone to confirm the
receipt of a screening invitation letter. Motivational interviews
were conducted over the telephone to increase participants
readinessto attend screening [27]. Knowledge about cancer was
provided and barriersto screening addressed through telephone
counseling [25,33,34].

A few breast cancer mobile apps were specifically designed for
interventions. Mammopad, for example, isadecision aid, atool
that helps women to decide to participate in mammogram
screening, that ran on the iPad Mini [30]. Another app was
designed to assist community health workers (CHWS) in
interviewing participants, reporting data, showing amotivational
video, and offering a mammogram appointment for women

https://www.jmir.org/2022/8/e36316

with an abnormal clinical breast examination (CBE). A
BSE-facilitating smartphone app included BSE date reminders
and a reminder to encourage mother and daughter to practice
BSE together [39].

Other mHealth platforms that were less frequently used were
emailsand social media. Emailswere used to deliver screening
invitations, reminders, web-based educational flyers, and cancer-
and health-related information. Social media platforms such as
Facebook and Snapchat were used as intervention modes to
provide information about breast and cervical cancers and
screening, promote mammogram screening, and schedul e breast
screening appointments, as well as a platform for discussions
about cervical cancer after alecture [31].

Almost all (1112, 92%) reviews described mHealth
interventions that included 1 or 2 mHealth technologies. There
was only 1 intervention that used a combination of >2 types of
mHealth technologies: a training in cervical cancer through
SMSS text message, electronic posters, infographics, podcasts,
and video tutorials [40].

Key Stakeholdersin mHealth I nterventions

Of the 12 reviews, 5 (42%) included tel ephone call interventions
that were delivered by abroad range of personnel [25,27,32-34].
Telephone reminders or telephone calls to make or confirm
screening appointments were delivered by bilingual advocates
from a community organization, local women recruited from a
community charity, research assistants, general practitioner
receptionist, volunteers, research nurses, midwives at antenatal
health clinics, clinical secretaries, and telemarketers.

Among the important personnel in mHealth interventions were
telephone counsel orswho called the parti cipantsto inquire about
their screening intention and ascertain whether they had received
the invitation letters, provided information about screening,
addressed current or potential barriers to screening uptake
through motivational interviews and applied a counseling
approach to increase motivation for behavior change, or assisted
with appointment scheduling. Telephone counseling was
delivered by nurses or hospital-based health counselors.

Health navigator services were mentioned in 8% (1/12) of the
reviews [30]. Health navigators used mobile apps to facilitate
interviews, report data, show motivational videos, and offer
screening appointments. Health navigators or CHWSs guided
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participantsin navigating cancer screening information, provided
transportation and interpretation services, addressed technical
problems related to mobile app use, and reminded participants
to complete cancer screening.

Cancer Screening Uptake

All (12/12, 100%) reviews included in this review reported
mainly improved cancer screening uptake or self-examination
practice (for breast or skin cancer; Table 2). The increase in
screening between the intervention and control groups (from
relevant studies) ranged from 1.2% to 50.9%.

Overall, the reviews concluded that interventions that included
>1 communication mode seemed more effective than those that
included asingletelephone call or SM Stext message reminder.
A 3-step sequential approach (an automated reminder telephone
call and SM Stext message, followed by manual telephonecalls
and face-to-face interviews) conducted at Portuguese primary
health care units resulted in 51% of the women in the
intervention group attending cervical cancer screening compared
with 34% of the women in the control group who received only
written invitation letters [25,41]. In another study, women in
northern Tanzania who received transportation e-vouchers to
cover return transportation to the nearest screening facility as
well as a series of 15 behavior change messages delivered
through SM S text message were more likely to attend cervical
cancer screening (uptake: 18%; OR 4.7, 95% Cl 2.9-7.4)
compared with those who received only the same SMS text
message (uptake: 12.9%; OR 3.0, 95% CI 1.5-6.2) and those
who received 3 SM S text messages with the location and hours
of the nearest screening clinic (uptake: 4.3%) [27,34,37].
Participants from Iran who received a Hedth Belief
Model—based training in cervical cancer through SMS text
messages, €l ectronic posters, infographics, podcasts, and avideo
tutorial were morelikely to complete a Papanicolaou (Pap) test
(47.9%) than the participants in the control group (5.8%)
[27,4Q].

A once-amonth SMS text message reminder over 6 months
combined with a BSE training through a lecture, video, and
demonstration of the technique on abreast model led to a 32%
increase in BSE practice [35,36,42]. An Android operating
system—based smartphone app that included a BSE date alarm,
areminder to encourage mother and daughter to practice BSE
together, a mother motivation function that allows the user to
call her mother using a notification function to practice BSE
together, and educational videos increased the percentage of
Korean women practicing BSE from 62.2% to 71.1% [39].

Of the 12 reviews, 1 (8%) included interventions that
incorporated navigation to health services[30], which wasfound
to be effective in increasing screening uptake. All (3/3, 100%)
of the interventions that included health navigation services
wereeffectiveinincreasing screening uptake. Korean American
immigrant women who received a series of 8 to 21 SMS text
messages about breast cancer through a specially designed
mobile app (mMMammogram) and were provided with health
navigation services had a significantly higher percentage of
completed mammograms after 6 months than women who
received printed brochures only (75% vs 30%; P<.001) [30,38].
CHWSsin Bangladesh who used mobile appsto facilitate CBE,
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such as showing a motivational video and offering an
appointment, detected 3 times more women with abnormal
CBEs than CHWs without smartphone support (3.1% without
navigation training and 3.2% with navigation training vs 1%
without smartphone) [30,43]. CHWswho used maobile apps and
were trained in navigation had the highest percentage of
participantswith an abnorma CBE who attended further clinical
assessment compared with those who used mobile apps only or
without smartphone support. In a study in the United States,
participants who failed to complete a fecal occult blood test
were much morelikely to complete a second fecal occult blood
test than those in usua care if they had been contacted through
telephone call by colorectal screening navigators (82.2% vs
37.3% among those who received standard care; P<.001)
[33,44].

There were a number (46/67, 69%) of studies that used only 1
mode of mHealth communication, and the findings related to
screening uptake after the intervention compared with before
the intervention were mixed; for example, in an emall
intervention study, whether an email message was loss-framed
(focused onrisk), gain-framed (focused on health and well-being
improvement), or neutrally framed (provided only facts) had
no effect on cervical cancer screening uptake [34,45]. An
exception wasastudy conducted in western Sweden wherethere
wastelephone contact through midwivesto offer an appointment
for aPap test, which increased the uptake of Pap tests compared
with the usual annual invitations without telephone contact
(uptake at 3-month follow-up: 13% vs 3.9%; risk ratio 3.37,
95% CI 2.83-4.01) [25,46]. Another exception was the use of
Facebook to share breast cancer information and schedul e breast
screening appoi ntments, which increased breast cancer screening
attendance by an average of 12.9% [31,47].

A brief invitation SMS text message was as effective as a
detailed informative SM S text message: there was no significant
difference in screening uptake between L ebanese women who
received an SM S text message mammogram invitation and those
who received the same SMS text message and an additional
infformative SMS text message about the benefits of
mammogram screening [28,48].

Screening Awareness, Knowledge, I ntention, and
Attitude

Of the 12 reviews, 4 (33%) [25,27,30,31] included studies
specifically on knowledge, awareness, intention, or attitude in
relation to cervical cancer screening (2/4, 50%), breast cancer
screening (1/4, 25%), or both (1/4, 25%), and almost al of the
individual interventions (7/8, 88%) reported improvements in
knowledge, whereas few studies reported an improvement in
screening intention (1/4, 25%; Table 2). Interventionsthat were
successful in increasing screening uptake were also successful
in increasing knowledge and awareness about screening for
both cervical and breast cancer.

The CervixCheck intervention was designed for African
American women and consisted of aseries of 22 health-specific,
spiritually based, cervical cancer—related SMS text messages
(eg, ontheimportance of keeping the body healthy and attending
screening) that were sent over 16 days. It resulted in asignificant
increase in knowledge about cervical cancer and the Pap test
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(mean difference=0.619; P=.001) [25,49]. A 1-week personally
tailored SM S text message intervention significantly increased
Korean American women’'s knowledge of cervical cancer
screening guidelines (mean difference=0.31-0.71; P=.006)
[25,50]. Participants who went through the Health Belief
M odel—based cervical cancer training scored significantly higher
in perceived benefits of a Pap test and lower in barriers to
obtaining a Pap test, in addition to a higher uptake of Pap tests
[27,40]. Female high school students who participated in
Facebook or face-to-face discussions for 2 weeks after a
50-minute classroom cervical cancer prevention education
lecture that included knowledge about Pap testing increased
their knowledge about cervical cancer compared with those in
the control group (=2.942; P<.001) [31,51]. Compared with
atelephone reminder and invitation intervention, an educational
telephone call that provided a brief explanation on cervical
cancer, its risks, and colpocytological examination increased
knowledge about col pocytological examination but not attitude
toward it [27,52].

Korean women who used the mMammogram app and were
provided with health navigation services had increased
knowledge of breast cancer screening compared with the control
group (group difference=mean 16.93, SD 4.77; P=.001) [30,38].
Users of Mammopad, adecision aid for mammogram screening,
reduced decisional conflict and increased self-efficacy inrelation
to mammography, although there was no significant change in
screening intention [30,53]. Saudi Arabian women who received
breast cancer awareness information through Snapchat had
better breast cancer awareness and knowledge, including
knowledge about breast cancer screening (P=.01), than those
in the control group who did not receive any awareness
information [31,54]. Among women who were surveyed in the
tallored SMS text message mammography campaign on
Facebook during Breast Cancer Awareness Month, 82%
intended to get a mammography in the next year [31,55].

Implementation Outcomes and M easures

Of the 12 reviews, 4 (33%) [25,27,30,31] included studies that
examined outcomes related to the implementation of mHealth
in cancer screening uptake interventions (Table 2). Of these 4
reviews, 3 (75%) reported a high acceptance of such
interventions [25,30,31]. In a 1-week personally tailored SMS
text message intervention, 83% of the participants expressed
satisfaction with the intervention, and 97% reported that they
would recommend the program to their friends [25,50]. In the
CervixCheck intervention, 83% of the participants reported
being either “satisfied” or “very satisfied,” and 85% found the
SMS text messages either “useful” or “very useful” [25,49].
The mMammogram intervention participants were satisfied
with the intervention (P=.003) and agreed that it was effective
(P<.001) [30,38]. In atailored SM Stext message mammography
campaign on Facebook during Breast Cancer Awareness Month,
25% of the women surveyed agreed that they used Facebook
to find breast cancer screening information, and 43% agreed
with seeing more mammogram information on Facebook
[31,55].

Some of the concerns of the participants regarding mHealth
interventions included confidentiality of SMS text messages,
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loss of mobile phones, clarity of the language used, and
receiving negative results through SMS text messages.
Participants were interested in receiving SMS text message
reminders for appointments; however, there was reluctance to
receive screening results through SMS text messages in case
someone el se accessed their mobile phones and saw the results
(OR 0.31, 95% CI 0.18-0.51), athough they reported no issue
with making an appointment.

The barriers to using mHealth in reaching out to people to
encourage cancer screening included inconvenience for older
participants, lack of texting proficiency, difficulty in texting,
and apprehension that SM S text messages might not be clearly
understood [56]. Including a reminder and keeping the SMS
text messages informative, short, and simple was suggested to
increase screening uptake [57].

Discussion

Principal Findings

This scoping review of reviews suggests that mHealth
interventions can be effective in increasing cancer screening
uptake and practice, aswell asimproving other screening-related
outcomes such as knowledge and awareness about screening.
Theresults are consistent across different types of reviews. The
most commonly used mHealth technologies used were SMS
text messages and telephone calls. Interventions that included
>1 mode of communication, such as telephone calls and SMS
text message reminders combined or together with invitation
letters, health education, or navigation services, seemed to be
more effective than interventions that included only 1 mode of
communication. A few (4/12, 33.3%) of the reviews reported
implementation measures, and 75% (3/4) suggested that mHealth
interventions were well accepted by participants.

The effectiveness of interventions that used >1 mode of
communication has been demonstrated in cancer screening
uptake in LMICs [58]; for example, in Malaysia, mass media
campaigns that used different channels of health promotion
successfully increased symptom awareness of breast cancer [59]
and colorectal cancer [60].

A very effective intervention was a combination of educational
SMS text messages and e-vouchers to subsidize the
transportation to attend screening [37], which is especialy
relevant in rural areas in LMICs. In many LMICs, public
transport and e-hailing services are mainly available in cities,
and the mgjority of health care facilities that offer cancer
screening are located in town areas; for example, in Malaysia,
travel distance to the nearest mammogram screening facility
ranged between 2 km and 340 km with a median of 22 (IQR
12-42) km [61]. Longer travel distance to cancer services is
associated with lower likelihood of cancer screening uptake
[62] and presentation of more advanced stages of breast cancer
[63] and colorectal cancer [64]. Interventions that increase
knowledge might not translate into higher screening uptake if
underlying structural barriers to screening, such as lack of
transportation, are not addressed [25,27]. The use of e-vouchers
has been described as aform of an “enablement” intervention
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that reduces “barriers to increase capability or opportunity”
[65].

Approximately half (31/67, 46%) of the interventionsincluded
in the reviews included SMS text messaging, which uses a
cellular network and is preinstalled on every maobile phone,
unlike internet-based instant messaging apps. Almost 100% of
SMS text messages are read, and 90% of them are read within
30 minutes of receipt compared with emails (approximately
18% are read) [66], which might explain the ineffectiveness of
emails in improving cancer screening uptake and related
outcomes. Worldwide, IP-based chat apps are gaining
popularity: WhatsA pp, Facebook M essenger, and WeChat have
2 billion users, 1.3 billion users, and 1.2 billion users,
respectively [67]. Chat apps, especially those with high open
rates, such as SM'S text messaging [68], enable more efficient
communication by allowing users to send longer messages;
share pictures, videos, or audio messages; and chat inreal time.
However, because SM S text messaging is operator-based, it is
more useful in rural areas where there is poor mobile internet
coverage. In addition, SM Stext messaging is simpleto use and
does not require additional apps, which might be more user
friendly for those who are less tech savvy; for example, older
adults.

In addition to SMS text messaging and chat apps, socia
networking sites, with their large numbers of users, hold great
potential in mHealth interventions. As of July 2021, popular
social networking sites such as Facebook and Instagram had
2.85 billion users and 1.39 billion users, respectively, and the
numbers are increasing rapidly [67]. However, in the only
review that examined socia media solely [31], the studies
included were mostly about low-level engagement (number of
impressions, reach, likes, comments, and sharing of tweets and
posts), and the review highlighted thelack of studies (1/4, 25%)
that examined high-level engagement with socia media
interventions, such as uptake of screening [31]. Thisis likely
because of the difficulty in linking screening uptake and social
media data because social mediaposts are not designed for such
analysis. Thefast pace of social media means that social media
contents could be outdated quickly or get inundated by other
information, which reduces their reach to the target population
and long-term sustainability. Running multiple campaigns on
multiple social media platforms also means that it is difficult
to pinpoint which campaign or platform has the greatest impact
on behavior change. In addition, there are age differences in
social media use; many individuals in the targeted age groups
for cancer screening might not be reached through social media.
In a survey of American adults, >80% of those aged 18 to 49
years and 73% of those aged 50 to 64 years used social media
sites, whereas only 49% of those aged =65 years reported so
[69].

mHealth interventionswill only work if thereis accessto mobile
phones and mobileinternet. Globally, although the penetration
of mobile phonesand mobileinternet ishigh, thereisan unequal
access to mobile technology and internet between urban and
rural areas and between sexes. All urban areas are covered by
a mobile broadband network; however, in some LMICs, 19%
of therural population are covered by only asecond generation
network, and 17% of the rural population have no mobile
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coverageat all [70]. Therura-urban gap isespecially prominent
in LMICs, where urban access to a mobile broadband network
is 2.3 times as high as rural access [70]. In LMICs, women's
mobile phone ownership and internet use is significantly lower
than that of men’s, and the gap ranges from 50% in South Asia
and 20% in sub-Saharan Africato 12% in the Middle East and
North Africa[71].

The gap in mobile phone ownership and internet use has
important public health implications. mHealth interventions to
increase cancer screening uptake might be less effectivein rural
areas, where screening uptakeisaready low [72]. Many (57/67,
85%) of the mHealth interventions targeted cervical and breast
cancers, the 2 most common cancers among women. Thus, the
rural-urban gap in mobile access means that women from rural
areas are at a greater risk of inequitable access to information
and interventions on cancer screening.

Given the rapid devel opment of mHealth technologies, thereis
a need for researchers to incorporate them effectively into
interventions. However, the speed of research does not advance
at the speed of mobile technology, and researchers have little
control over app development [30]. Most smartphone apps
address tertiary cancer prevention [30], such as support for
patients with cancer in health information management [73],
medication adherence[ 74], weight management [ 75], and mental
health improvement among cancer survivors [76], and thereis
a lack of smartphone apps for secondary cancer prevention.
Many of the apps developed for research are not available for
download and have not been widely adopted after the studies
were concluded.

mHealth holds great potential to reach out to many people in
low-cost settings, and it is also safe in times of the COVID-19
pandemic where social contact has to be minimized. However,
it might not be acceptable to pass on persona information
through certain mHealth technology; for example, there were
participants who mentioned that although it was acceptable to
receive SMS text message reminders about their screening
appointment, they would not want to be informed about their
screening results through SMS text messages. The gap could
befilled by CHWSs, who could act asthe link between mHealth
technologies and participants by informing thelatter personally
through telephone calls of their screening results. A recent
review found that CHWs play acritical role, particularly during
pandemics, in community engagement [77]. CHWs are usually
members from the same communities as the intervention
participants and are knowledgeabl e about the resources available
within the communities. They may be able to reach out to
vulnerable populations and encourage uptake of cancer screening
[78] and mobile technologies [79]. However, despite proven
effectiveness of CHWsin cancer screening and early diagnosis
interventions [80], there were very few (1/12, 8%) reviews that
included interventions that combined mHealth and CHWs.

Limitations

Given the heterogeneity of reporting and differences in the
detailsreported in each review, it was challenging to summarize
the evidence from the reviews concisely. In addition, some
reviews did not exclusively examine mHeath and cancer
screening; they included other types of interventions and
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preventive measures. Furthermore, unlikein asystematic review,
the quality of the selected articles was not assessed.

Future Research and Recommendations

Future interventions should consider combining at least two
modes of mHealth communication, for example, SMS text
messages and telephone calls, and screening interventions are
likely to achieve better attendance when participants receive at
least one reminder. In addition, future interventions should
consider incorporating instant messaging apps such as
WhatsApp, Facebook Messenger, and WeChat, in addition to
SM Stext messaging, because the number of usersisincreasing
exponentially, and more educational information using videos,
audio messages, or graphics could be shared. Socia media
platforms, especially Facebook, should be incorporated for
health promotion, sharing of educational information, and
appointment making. When social media platforms are used,
there is a need to take into account their popularity and
acceptability within the country where the interventions are

Schliemann et al

conducted. In addition, engagement with different social media
apps varies among age groups. Other incentives such astransport
vouchers may be included when interventions are conducted
among those with poor accessto screening facilities. Facilitators
to improving access to, and engagement with, mHealth among
older adults have been described, including support from the
government and family, addressing digital problemsin deprived
areas, and increasing accessibility to mobile phones or tablet
computers[81]. CHWsand navigation servicesmay be provided
along with mobile technologies to support participants’ needs,
promote and facilitate the use of mHeath, and pass on
information such as screening results.

Conclusions

mHealth interventions have the potential to increase cancer
screening uptake and other cancer screening—related outcomes
such as knowledge about screening and intention to screen.
Combining >1 mode of communication may have abetter impact
on cancer screening uptake.
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Abstract

Background: Although most digital twin (DT) applications for health care have emerged in precision medicine, DTs can
potentially support the overall health care process. DTs (twinned systems, processes, and products) can be used to optimize flows,
improve performance, improve health outcomes, and improve the experiences of patients, doctors, and other stakeholders with
minimal risk.

Objective: This paper aimsto review applications of DT systems, products, and processes as well as analyze the potential of
these applications for improving health care management and the challenges associated with this emerging technol ogy.

Methods: We performed arapid review of the literature and reported available studies on DTs and their applications in health
care management. We searched 5 databases for studies published between January 2002 and January 2022 and included
peer-reviewed studieswritten in English. We excluded studiesreporting DT usage to support health care practice (organ transplant,
precision medicine, etc). Studies were analyzed based on their contribution toward DT technology to improve user experience
in health care from human factors and systems engineering perspectives, accounting for the type of impact (product, process, or
performance/system level). Challenges related to the adoption of DTs were also summarized.

Results: The DT-related studies aimed at managing health care systems have been growing over time from O studies in 2002
to 17 in 2022, with 7 published in 2021 (N=17 studies). The findings reported on applications categorized by DT type (system:
n=8; process. n=5; product: n=4) and their contributions or functions. We identified 4 main functions of DTs in health care
management including saf ety management (n=3), information management (n=2), health management and well-being promotion
(n=3), and operational control (n=9). DTs used in health care systems management have the potential to avoid unintended or
unexpected harm to people during the provision of health care processes. They aso can help identify crisis-related threats to a
system and control the impacts. In addition, DTs ensure privacy, security, and real-time information access to all stakeholders.
Furthermore, they are beneficial in empowering self-care abilities by enabling health management practices and providing high
system efficiency levels by ensuring that health care facilities run smoothly and offer high-quality care to every patient.

Conclusions: The useof DTsfor health care systems management is an emerging topic. Thiscan be seenin thelimited literature
supporting this technology. However, DTs are increasingly being used to ensure patient safety and well-being in an organized
system. Thus, further studies aiming to address the challenges of health care systems challenges and improve their performance
should investigate the potential of DT technology. In addition, such technologies should embed human factors and ergonomics
principles to ensure better design and more successful impact on patient and doctor experiences.

(J Med Internet Res 2022;24(8):€37641) doi:10.2196/37641

KEYWORDS

health care; digital twins; safety; information management; supply chain management; operational control; well-being promotion;
human factors; technology; health informatics; literature synthesis; scheduling and optimization; digital health
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Introduction

One of the fastest growing sectors of the global economy isthe
health careindustry [1,2]. For acomplex system like ahospital,
many problems and obstacles arise owing to the variability
resulting from the incongruity between demand, and capacity
and resource availability. In addition to the operational
management of resources, having an almost instantaneous and
reliable vision of the available resources would permit a more
adaptive management of the resources as the demand varies.
Asthe demand changes, managing staff schedul es, patient flow,
bed sizes, and room usage would be a challenge [1].
Technology-based strategies can be promising contributors to
improving the efficiency of health care delivery. Theincreasing
adoption of various health information technol ogies has created
new channels for management [3] and communication [4] that
revolutionize health care systems.

Meanwhile, a revolution toward an intelligent industry or
“Industry 4.0 combining advanced technologies emerged in
2011 [5]. This revolution affected all sectors, including health
care. One of the supporting conceptsin implementing Industry
4.0isthedigital twin (DT) [6]. A DT isavirtual representation
of aphysical asset replicated virtually through data connection
[7,8], making it possibleto link the system with itsvirtual copies
in a bidirectional way [9]. Digital technologies provide many
opportunitiesto revolutionize health care. For example, real-time
data can be provided by Internet of Things solutions, and large

Figure 1. Typesof digital twins.
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data flows are managed and secured by robust digital
infrastructures. In addition, flows and decision-making support
are improved by command centers, artificial intelligence, and
machine learning [10-12]. However, it is through the creation
of DTs that much of this can be brought together [8]. The
medical DT concept is considered more beneficial for
personalized medicine to help health care professionalsrealize
more effective interventions by digitally replicating the human
body, alowing prevention, early detection, and targeted
treatments of many diseases [13,14]. This paradigm is not
limited to medical practiceimprovement; it also offersasolution
to the issues related to health care systems and supports their
strategic management. A DT can help design, optimize, and
test products; design and operate production systems; manage
and control supply chains; diagnose problems; and provide
after-market services [15]. There are 3 types of DTs, as
illustrated in Figure 1.

In this context, this rapid review aims to highlight what DTs
have accomplished in correlation with health care management
support. We intend to cover the interventions that used DTs
(products, processes, systems) to improve the management of
medical services. We report the DT type and its role in the
system (function). This classification of DTs is adopted from
Siemens, classifying DTs into 3 types, with 1 related to
processes (eg, production), 1 related to product design, and 1
related to system performance (eg, performance) [16]. The
combination and integration of the 3 DTs asthey evolvetogether
isknown asthe digital thread [16].
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Methods

Study Design

We performed a rapid review of studies involving DT
technology to improve health care services management. Rapid
reviews are a form of evidence synthesis that can provide
timelier decision-making information than standard systematic
reviews. They are suitable for emerging research topics where
systematic reviews are unpractica [17]. Rapid reviewstypically
do not include an exhaustive set of studies, do not involveformal
analyses of the study quality, and report findings from prior
studies via narrative synthesis by simplifying the evidence
synthesis process [18].

Our protocol wasregistered on January 28, 2022, with the Open
Science Framework [19]. The primary goal of this review was
to identify the opportunities that DTs have offered to support
theimprovement of the health care system. We summarized the
literature on existing applications of DTs and the challenges
associated with their design, use, and implementation.
Publications spanning the last 20 years were considered, from
January 1, 2002, to January 25, 2022. We started in January
2002 because the concept of DTswas publicly first introduced
in 2002 by Grieves [20]. Grieves proposed the DT as the
conceptual model underlying product lifecycle management
[20].

Search Strategy

We searched PubMed, Web of Science, |IEEE Xplore, Scopus,
and ScienceDirect using “digital twin” and “health” as the
keywords. The studiesincluded journal and conference articles

Elkefi & Asan

that covered only the health care applications of DTs (no
industrial, manufacturing, or energy-related initiatives). We
excluded the following types of studies: studies published in a
language other than English; reviews, short communications,
and briefs not reporting the impact of DTs through empirical
studies and approaches; papers that are not peer-reviewed;
studies that present an initiative to support a medical practice
(precision medicine, organ transplant, etc).

Studies are discussed based on the contribution of DTs to
improving user experience in health care from human factors
and systems engineering perspectives, accounting for the type
of impact (product, process, or performance/system level).

Results

Of al the sources found, 72 papers were screened
comprehensively, and 17 papers were included in this review.
The screening processis summarizedinthe PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
flow diagram shown in Figure 2.

Even though very few articles matched our scope, the research
trend is evolving. The selected papers covered different
application aress, including process development (n=5), asystem
improvement initiative (n=8), and developing/designing and
testing aproduct (n=4). We adhered to conventionsfor narrative
reviews by combining our results with interpretations and
discussion in the Results and Discussion sections.

We identified 4 main functions that DTs perform in managing
health care systems. We summarize the functions and their
adopted definitionsin Table 1.

Figure2. PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) flow diagram of the article selection process.

IEEE Xplore PubMed
(n=61) (n=46)

Identification

ScienceDirect
(n=46)

Scopus Web of Science
(n=316) (n=194)

Publications retrieved from all

selected journals and conferences

=]1]
§
:

(n=663)

Publications retrieved after
duplications removal
(n=414)

Publications retrieved after
screening title, abstract, and
keywords (n=72)

Duplications removed
(n=249)

Removed (n=342)
Title, abstract, and
keywords screening

‘ Removed (n=55)
‘ Full screening

Publications retrieved after full
screening
(n=17)

Included

https://www.jmir.org/2022/8/e37641

XSL-FO

RenderX

JMed Internet Res 2022 | vol. 24 | iss. 8 [e37641 | p.165
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. Functions of digital twinsidentified in this study.

Elkefi & Asan

Function Definition

Safety management

Avoiding unintended or unexpected harm to people during the provision of health care processes; identifying

crisis-related threats to a system and helping control the impacts

Operational control
quality care to every patient

Information management

Health management and well-being
promotion

Ensuring high system efficiency levels by making sure that health care facilities run smoothly and offer high-

Ensuring privacy, security, and real-time information access to stakeholders

Empowering self-care abilities by enabling health management practices

These technologies have the potential to avoid unintended or
unexpected harm to people during the provision of health care
processes and identify crisis-related threatsto asystem and help
control the impacts, which we define as safety management.
They are also used to ensure privacy, security, and real-time
information accessto all stakeholders, which can be considered
information management. Another function identified is
well-being promotion and health management, where DTs
empower the self-care abilities of patients by enabling health
management practices. The last function is operational control
and management. This technology has the potential to ensure
a high system efficiency level by ensuring that health care
facilities run smoothly and offer high-quality care to every
patient.

https://www.jmir.org/2022/8/e37641

Table 2 summarizes the functions of DTs, along with the key
findings of the studies considered in this review.

Our findings are presented per the function of DTs (safety
management, information management, health management
and well-being promotion, and operational control). The
operational control findings are presented in 5 subparts (process
control of anomalies, scheduling of interventions, resource
allocation, operation optimization, and strategy optimization).
After presenting the state of the art of DT use, we present the
challenges associated with the use and implementation of DTs,
followed by the limitations of our study.
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Table 2. Functions and key findings.

Function and type of DT?

Key findings

Safety management

System (Jovanovi¢ et al, 2021) [21]

System (Talukder, 2021) [22]

System (Alrashed et a, 2022) [23]

Information management

Product (Lutze, 2019) [24]

System (Pang et al, 2021) [25]

Health management and well-being promotion

Product (Diaz et al, 2021) [26]

Product (Liu et a, 2019) [27]

Product (Trobinger et al, 2021) [28]

Operational control

Process (Nonnemann et al, 2019) [29]

Process (Chase et al, 2021) [30]

System (Karakraet a, 2018) [31]

System (Augusto et al, 2018) [32]

Process (Mylreaet a, 2021) [33]

Process (Karakraet al, 2019) [34]

The DT used allows management of theinfection peak and devel opment of precisely targeted
vaccination strategies that allow targeting based on individuals number of social contacts.

A DT architectureis proposed to ensure safety within an ecosystem disrupted by COVID-
19. It mitigates the system challenges and increases patient safety in post—COV1D-19 health
care delivery.

A DT was used to ssimulate the different possible strategies and scenarios to predict the
spread of the COVID-19 virus and minimize the impacts while ensuring continuity in pro-
viding services to citizens.

DTsembedded in wearable devices were used to gather personal information to make group
or system decisions.

A city DT was developed based on federated learning principlesto serve asalocal central
server of information. It allows centralizing information, sharing knowledge, sharing local
strategies, and sharing responses to adopted plansin real time among multiple cities.

The DT developed (DTCoach) serves as not only an accompanying educator but also as a
mentor that can be used on portable devices like smartphones. It enables web-based pose
estimation and performance measurement by providing a person-centered digital coaching
experience with a platform that serves as a coach, an accompanying educator, and a mentor
who can help make the necessary adjustments based on the individuals' capabilities.

The suggested cloud-based system, ClouDTH, uses personal data from digitally twinned
wearable medical devices to achieve interaction and convergence between physical and
virtual medical spaces to facilitate personal health management for elderly patients.

The DT product developed serves as an aternative to telemedicine solutions. It presents a
new approach to the remote doctor visit. The dual doctor-patient twin paradigm involves 2
robotic systems (patient GARMI, doctor MUCKI). Control, interaction, and knowledge
transfer are enhanced by artificial intelligence, visual motion, and facial expression analysis
inthe DT. Thus, it enables a transparent remote doctor visit and better-informed and robot-
assisted telerehabilitation with bidirectional tel epresence control.

DTsof theprocessesinan| cUP sationarei ntegrated into asystem (Health@Hand) to allow
remote monitoring; it detects faults and anomaliesimmediately and will enableinterventions
at an early stage.

DTs of the processes are used to optimize the interventionsin amedical ICU. They aim to
optimize patient care by clinical staff at the enterprise level for more productivity and qual-
ity improvement.

The hospital's DT proposed devel oping a predictive decision support model that employs
real-time services data drawn from these systems and devices. Thismodel enables assessing
the efficiency of existing health care delivery systems and evaluating theimpact of changes
in services without disrupting the daily activities of the hospital. It allows foreseeing the
effectiveness of changesin the models before they are applied in redlity.

The DT of an emergency unit is devel oped to optimize the pathway of patient carein the
unit. The system accounts for various arrival processes to account for massive arrivalsin
case of acrisis and determine the best available |leverages to optimize the operations of the
system.

BioSecure DT monitors every step in the supply chain process to ensure good productivity
and cybersecurity by applying Cyber-Informed Engineering.

It predicts the near future and monitors the processesin real time through the Hospi T'Win
(DT) system. It alows detection of unexpected situations before problems occur in real life
(delay, change in schedule, etc). It will enable the tracking of data flow from the real world
to the virtua world.

https://www.jmir.org/2022/8/e37641
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Function and type of DT? Key findings

System (Karakraet a, 2020) [35]

Using discrete event smulation and DTs through a system called Hospi T'Win alows

tracking the pathways of patients inside the health care organization to manage growing
demand and decrease waiting times and delays. The solution enhances resilience to sustain
critical operations under expected and unexpected conditions. It conveys key information
to decision-makersin rea time.

System (Rodriguez-Aguilar et al, 2020) [36]

The DT of the health care system is devel oped to better respond to contingencies and ensure

optimal allocation of available resourcesin a DHPES®.

Process (Croatti et al, 2020) [37]

A trauma DT is used to digitalize and support the process of severe trauma management,

considering it as a physical asset that ismirrored by 2 DTs.

aDT: digital twin.
BiCU: intensive care unit.
°DHPES: Digital Health Public Emergency System.

Discussion

State of the Art of DT Usage

Health care has evolved away from focusing solely on illness
toward primary health care and health promotion, considering
health care as a complex ecosystem [38]. The most significant
contributions of digital twinning in health care have been
precision medicine efforts that provide patients with targeted
treatment and diagnosis[39]. However, its useto devel op novel
customized health care management approaches started in 2018
and is till an evolving concept [40].

Safety Management

The goal of the patient safety movement is to reduce adverse
outcomes or injuries resulting from health care processes. It is
imperative that these adverse outcomes are avoided, prevented,
or minimized [41]. With the improvements in safety standards
and policies, more attention is accorded to analyzing safety
issues and the sources of these issues [42]. Errors and
inefficiencies in inpatient care are frequently the results of
conflicting, incomplete, or suboptimal systemsin which patients
participate and interfere [43]. The report published by the
Ingtitute of Medicine at the beginning of the 21st century
resulted in the increased and rapid adoption of health
information technology in health care settings, especially for
patient safety purposes [44]. For example, thewrong site, wrong
side, wrong procedure, and wrong individual (WSWP) errors
have been mitigated to some degree by el ectronic health records.
However, these errors continue to be quite significant [45].
DT-assisted safety management systems can be implemented
within the Safety 4.0 framework to manage complex safety
procedures with minimum human error [46]. In addition to
providing operators with contextual information about the
surroundings, DTs can guide them through safety tasks [47].

Our study found different DT applications (n=3) that contribute
to patient and system safety management through system
twinning and product twinning. For instance, an opportunity
that DT developers seized was the COVID-19 safety crisis
within the health care ecosystem [21]. In 2020, COVID-19
disrupted the health care system and caused an ecosystem crisis
that harmed public safety, including resource shortages,
misinformation, and medical errors. Virtual interventions and
technology initiatives became the preferred mode of service.

https://www.jmir.org/2022/8/e37641

For example, DTs could accurately contribute to vaccination
strategy development. Vaccinations can be targeted based on
the number of social contacts of each individual, and infections
can be restricted to isolated hotspots and delayed by precisely
targeted vaccination, inherent immunity, and public health
measures that reduce the infection peak. Thus, DT technology
supports decision-making to control the spread of thevirus[21].
Apart fromthis, twinning systems contributed toward predicting
the COVID-19 spread. Alrashed et al [23] used aDT system to
simulate different strategies and scenarios to minimize the
impacts of the virus spread and prevent it while continuing to
provide necessary services to citizens with no interruptions to
ensure their safety with minimal risk. Safety risk for patients
was not only caused by the virusitself but also by the inability
of the systems to respond to the new challenges. These
challenges will continue to impact the system even after the
COVID-19crisis. Talukder [22] suggested asystem architecture
that ensures safety within an ecosystem disrupted by COVID-19.
It mitigates system-related challenges and increases patient
safety in post—COVID-19 health care delivery [22]. In
conclusion, DTs (systems and products) can ensure safety
management in health care systems by identifying potential
threats, redesigning the systems to mitigate hazards, and
improving the safety strategies implemented. This leads to the
right care at the right price and time for everyone and
everywhere at any point of carein a safe manner.

Although the applications of DT technology in patient safety
were inspired by COVID-19, it is essential to investigate its
potential in other settings and crisis situations. In addition, this
technology helps address safety issues in health care without
interrupting day-to-day work; it can aso be used to address
other medical safety issues, such as surgical errors, workplace
safety issues, and medical biasin diagnosis.

I nformation Management

The American Hedth Information Management Association
describes health information management as the process of
collecting, analyzing, and securing digital and traditional
medical records that are vital to providing quality patient care
[48]. Hedth care organizations seek to analyze patients
information efficiently and quickly, both internaly and
externally [49]. However, they face many challenges such as
privacy, exchange restrictions, and extensive data. Increasing
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amounts of patient data are forcing health care ingtitutions to
replace traditional approaches that cannot cope with increases
in data. The United States is taking steps to boost health care
information and communication access by leveraging advances
in information and communication technologies [50]. Health
information management systems have grown rapidly in recent
years and are being used to derive important health trends and
provide timely preventive care [51]. DT technology can
revolutionize clinical research with the changesthat it can bring
to the basis of health care systems and medical practices. By
leveraging this technology, users can better ask questions, get
better answers, and gain data-driven actionable insightswithout
compromising the health of real-life subjects. In fact, using a
DT, people can gather, aggregate, and represent individual
information about their health and well-being [52]. As more
data are collected, more DTs will be enabled, leading to more
discoveries and better treatment, thus allowing the assembly of
more data with less cost, and especially eliminating the risks
and consent issues associated with actual human subjects [53].
In our review, we found applications related to information
management DTs (n=2).

According to Lutze [24], eHedlth systems can manage
knowledge by implementing DTs that are based on artificial
intelligence. He proposed a DT that collects daily activity data
from smart assistance systems linked to wearable sensors for
elderly people and extracts behavioral knowledge for
information management. The technology suggested accounts
for systems, processes, and group changes to provide unbiased
conclusions based on learned, trained data. It has a
human-centered design, asit allows the self-determination and
autonomy of patients to share or refuse the usage of their data
with providers and clinical staff. It aso establishes solid
robustness by automatically tracing the use of all knowledge
sources and verifying conclusions drawn about patients after
system changes [24]. Auditability is established by tracing the
use of al knowledge sources and recording and verifying
conclusionsdrawn about patients and users after system changes.
Robustness is supported by automatically checking the
containment of a patient within the designated user group of
the system and verifying the continued validity of the assessed
acceptance conditions after system changes. Moreover, human
oversight isfacilitated in all critical situations[24].

Another example of an information management DT was
suggested by Pang et a [25]. During pandemics, sharing
information among different cities and countries in real time
through a shared learning model (federated learning) remains
critical while ensuring enhanced privacy protection. Pang et al
used DT technology in a novel collaborative paradigm that
allows DTs in multiple cities to share the loca strategy and
status quickly without violating any privacy rulesto help manage
the COVID-19 pandemic [25]. These 2 examples show that
DTsallow information management and knowledge extraction
by encoding, storing, retrieving, and sharing data in a secure,
smart, and real-time environment.

Health Management and Well-being Promotion

Health and well-being goal s are challenging to achieve for many
individuals. In response to this challenge, agrowing number of

https://www.jmir.org/2022/8/e37641
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technologies are being developed to improve people's diet,
physical activity, deep, and mental health. By promoting
behavior change and controlling health care costs through
modern digital health interventions, people can maintain better
health and a hedlthier lifestyle. Today, a variety of sensors are
miniaturized and widely used to track basic physiological
indicators on the move to help with better health and well-being
management. Moreover, because smartphones are extremely
easy to access, mobile health apps are currently considered the
most beneficial platform for promoting healthy lifestyles and
changing behavior [54]. In modern medicine, personal health
management services are viewed as electronic, remote, and
digitally enabled care that helps individual s manage their own
care and reduce the need for in-clinic visits that are typically
expensive and time-consuming [55].

In our review, we found that DTs were used for health
management and well-being promotion (n=3). One such DT
wasintroduced by Diaz et al [26] in 2021. Their DT application
was called DTCoach. It is a user-centered smart coach that
serves as a mentor and an accompanying educator to the users.
It helpsthe users make the necessary adjustmentsin their posture
and performance based on measurementstaken that characterize
their individual capabilities [26].

Another example was ClouDTH, suggested by Liu et al [27].
This cloud-based health care system uses personal data from
digitally twinned wearable medical devices to achieve a
convergent interaction between the medical and physical spaces,
and their virtual twins. Then, it facilitates self-management of
health for elderly patients[27]. Patients needs depend on many
factors, and age is one of them. Elderly patients have higher
demands for many medical services. Therefore, DTs are used
extensively in geriatric care to support health management
promotion of elderly patients. Furthermore, another example
that we cover in our review was introduced by Trébinger [28],
which is a new DT approach serving as an aternative to
telemedicine. It consists of atransparent remote doctor visit and
abetter-informed and robot-assi sted telerehabilitation initiative
that allows bidirectional tel epresence control [28]. In summary,
DTsare used to accompany patients and give them control over
their health by promoting well-being and lifestyle activitiesand
supervising them to maximize their performance in a safe
environment.

Operational Control

Operating a health care facility on a day-to-day basis impacts
patient experiences and organizational goals [56]. Thus,
operations management hel psin understanding and optimizing
the business processes inside medical departments to reduce
and alleviate the effects of overcrowding, waiting times, delays,
and other problemsthat facilities are facing [57]. DTs have the
potential to contribute to the effective operation of health care
units. Our review found that most DT initiatives to improve
health services have health care operations management focusing
on revolutionizing clinical processes and enhancing medical
care. They replicate hospitals or treatment facilities and help
improve their performance in a safe manner with less risk.
Applications are numerous and range from predicting resource
shortage to managing patient flow. Using DT technology, an
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institution can execute a digital stress test to observe how the
technology would fare under extreme conditionslike crises. By
creating a virtual twin of a hospital, stakeholders can review
the operational strategy, capacity, staffing, and care model on
the DT to determine what actions to take and mitigate future
challenges. Our review identified extensive efforts (9 out of
17studies) to support operational control and account for health
care system challenges. The efforts consisted of digitaly
twinned systems and processes for performance control.

Detecting anomaliesin processesis essential to prevent hazards
and predict the corrective actions that need to be implemented.
With some interventions, such as the solution suggested by
Croatti et al [37], DTs can be used to support physical processes
through their digital representations and monitor their changes.
In this study, by mirroring the real system by building an
agent-based smart DT, they aimed to digitalize and support the
process of severe traumamanagement [37]. ThisDT represents
the operative phase of trauma management and starts when the
traumais marked as severe in the previous phase. The fact that
this DT starts before the patient's arrival to the unit is very
important for this case study [37]. In thisway, the trauma team
is prealerted about the incoming patient and starts collecting
and receiving information directly from the accident site. Its
internal state changes when the patient is delivered to the
emergency department, where the trauma team starts taking
care of the patient. A very preliminary version of a system
prototype has been developed according to the designed
conceptual model [37].

Another example is Health@Hand, suggested by Nonnemann
et al [29]. They twinned the processes of an intensive care unit
(ICU) station and integrated them into a digital system
(Heath@Hand) to allow remote monitoring of the processes.
With thisintervention, hospital managers can detect anomalies
and faults immediately and intervene in an early stage.
Moreover, while improving the productivity and efficiency of
processes, some digital interventions forget to address the
problem of cybersecurity, which may harm the systems. As a
solution to this problem, Mylrea et a [33] propose BioSecure.
It is aprocess twinning that allows managers to monitor every
step in the supply chain process to ensure good productivity
and cybersecurity to secure the system and data by applying
Cyber-Informed Engineering.

One of the challengesin health care is providing an optimized
scheduling strategy that can effectively use the hospital's
resources and prevent delays, errors, and long lengths of stay.
An application in the same settings (ICU and process twins)
was devel oped by Chase et al [30] that aimed to optimize patient
care by clinician staff at the enterprise level to improve the
productivity of the staff and the quality of care delivered to
patients. In addition, using resources effectively has always
been a challenging decision for managers in al industries. In
health care, resource allocation needs to be regulated by
providing efficient services on time. Rodriguez-Aguilar et a
[36] suggested a DT for a hospital that supports resource
allocation (financial and human) called the Digital Health Public
Emergency System (DHPES). DHPES provides efficient health
services[36]. The DT design seeksto generate virtual instances
that emulate the real operation of the provision of highly
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specialized public services, including the supply of medications,
supplies, devices, and equipment aswell asthe management of
human resources and financial resources in the event of a
contingency [36].

Another DT initiative called HospiT'Win was developed to
manage the patients pathwaysinside the hospitals[34,35]. This
DT can help hospital s equilibrate demand and supply and control
the growing workload while reducing waiting times, lengths of
stay, and delays. It also provides key information to
decision-makersin real time, controlling the real-time flow of
data. Ashigh demand can disturb health care systems, such DT
systems might be useful intimes of crisis. Hospit'Win performed
well during the COVID-19 pandemic by managing the demand
[34,35].

Some operational strategies need to be implemented first to
evaluate their efficiency. In hospitals, evaluating interventions
would disrupt the daily services and activities of the units. This
iswhere DTs could be most useful. Karakraet al [31] proposed
a decision support system that employs real-time services data
drawn from real systems and devices to enable evaluation of
the impact of changes in services without disrupting the daily
activities of the hospital. This idea alows foreseeing the
effectiveness of changes in the models before they are applied
in reality [31].

Providing patients safe and high-quality care is a demanding
process. A DT framework for asystem is proposed by Augusto
et al [32] to optimize a patient’s care pathway in health care
units. The system accounts for various arrival processes and
simulates different scenarios to determine the best available
leverages to optimize the operations of the system even under
high demand and variability to account for uncertainties [32].
The framework has been conceived and tested in close
collaboration with health care professionas to be as close to
the real system as possible. Furthermore, the framework is
intended to be used regularly by the head of the emergency unit
[32]. Data collection was performed using the hospital
information system for the following parameters: patient
arrivals, the total length of stay; type of patient including less
critical (fast and normal track), moderately critical, and
life-threatening emergencies; and number of requested
paraclinical examinations per patient. On the other hand,
processing timeswererecorded by interviewing doctors, nurses,
caregivers, and interns because the related data in the hospital
information system were not reliable enough [32]. The model
was validated and shown to reduce the waiting time and length
of stay in different scenarios.

Futureof DTs. Challenges Associated With Use and
I mplementation

A DT system would provide patients with a safe and secure
monitoring option; medical staff would have safe and secure
monitoring methods, and authorities would be able to track
extreme crisis scenariosin real time accurately. However, digital
twinning isfacing many challengesthat are hindering itsgrowth.
Thefirst obstacleistheinfrastructure of dataflow. For example,
to prevent false positives in the digitally twinned sensors, we
need a good understanding of the variability in the personal
parameters and characteristics of the users[58]. Another concern
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to be addressed before DTs can go mainstream is data security
and privacy. The data used by DTs are confidential and
sensitive, and interconnected devices are an easy target for
cyberattacks that can harm health care systems. Therefore,
governments and policy makers need to consolidate the law
regulation factor to have more protected data-sharing
procedures. Moreover, as data form the core of DTs, quality
control protocols need to be embedded in the rea physical
systems to merge the data with the simulated systems (twins)
and ensure good performance of the DT models. Additionally,
ethical concernslike ownership of the data extracted with DTs
are still not addressed. Finally, it is essential to explore factors
that affect DT implementation and adoption.

DTs also have the potential to offer new important pathways
for various care processesin health care. For instance, strategies
to improve communication and patient-centered care can be
implemented digitally to evaluate their effectiveness before
adopting them in real life to avoid repetitive trials that may
disturb patients' pathways. In addition, some patients are hard
to deal with because of their critical medical situations. Digital
twinning of the care processes for these patients can give more
visibility to health care professionals to understand the best
possible care strategy for these patients. Furthermore, usability
studies are sometimes costly in terms of facilities, equipment,
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and time. DTs can facilitate remote usability testing across
diverse populations, accounting for their lower literacy or health
literacy and individuals with cognitive or physical disabilities.
They can also help testers gain time, reduce effort, and earn
money while providing real-time decision support by solving
recruitment problemsfor surveys, interviews, and clinical trials.

As illustrated in Figure 3, we suggest a framework that
highlightsthe possible contributions of DTsfrom human factors
and systems perspectives. I rrespective of whether the technology
designed is by twinning a system, process, or tool, agood DT
design can potentially improve safety management, improve
operational control of the health care system, allow better
information management, and promotethe health and well-being
of patients.

Finally, this study also has several limitations. The included
studies largely reported postintervention data, so we could not
determine the preintervention-to-postintervention change or
ascertain whether the intervention groups were matched at
baseline for key characteristics and outcome measure scores.
In addition, we may have missed some articlesin our screening
because the research was limited to the following databases:
PubMed, Web of Science, IEEE Xplore, Scopus, and
ScienceDirect.

Figure 3. Framework of the impact classification of digital twins from human factors and systems perspectives.
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Conclusions

DTs are replications of systems, products, or processes that
bridgereality using dataand expand the sameto virtual models.
In medical services, DTs are primarily used in personalized
medicine; however, they also have the potential to be used at
the system level. These applications vary from safety to
information management, health and well-being promotion, and
operationscontrol. Thisrapid review showsthat digital twinning

Elkefi & Asan

for health care system management is still an emerging field
with considerable potential that was also used during the
COVID-19 pandemic. Therefore, interdisciplinary teams from
various disciplines, including human factors and ergonomics,
human-computer interaction, data science, and digital health,
should further investigate the potential of this technology and
address the challenges that may influence the design and
adoption of this technology in the health care system.
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Abstract

Background: Patients undergoing heart surgery may experience arange of physiological changes, and the postoperative recovery
time is long. Patients and their families often have concerns about quality of life (QoL) after discharge. eHealth interventions
may improve patient participation, ensure positive and effective health management, improve the quality of at-home care and the
patient's quality of life, and reduce rates of depression.

Objective: The purpose of this study was to evaluate the effects of eHealth interventions on the physiology, psychology, and
compliance of adult patients after cardiac surgery to provide atheoretical basisfor clinical practice.

Methods: We conducted systematic searches of the following 4 electronic databases: PubMed, Embase, CINAHL, and the
Cochrane Central Register of Controlled Trials. Mean (SD) values were used to cal culate the pooled effect sizesfor all consecutive
data, including QoL, anxiety, and depression. Where the same results were obtained using different instruments, we chose the
standardized mean difference with a 95% ClI to represent the combined effect size; otherwise, the mean difference (MD) with a
95% CI was used. Odds ratios were used to calculate the combined effect size for al dichotomous data. The Cohen Q test for
chi-square distribution and an inconsistency index (1?) were used to test for heterogeneity among the studies. We chose a
fixed-effects model to estimate the effect size if there was no significant heterogeneity in the data (1<50%); otherwise, a
random-effects model was used. The quality of the included studies was assessed using the Cochrane risk-of-bias tool for
randomized trials (RoB 2).

Results: The search identified 3632 papers, of which 19 met the inclusion criteria. In terms of physical outcomes, the score of
the control group was lower than that of the intervention group (MD 0.15, 95% Cl 0.03-0.27, 1>=0%, P=.02). There was no
significant difference in the mental outcomes between the intervention and control groups (MD 0.10, 95% CI —0.03 to 0.24,
12=46.4%, P=.14). The control group’s score was lower than that of the intervention group for the depression outcomes (MD
-0.53, 95% CI —0.89 to —0.17, 1°=57.1%, P=.004). Compliance outcomes improved in most intervention groups. The results of
the sensitivity analysis were robust. Nearly half of the included studies (9/19, 47%) had a moderate to high risk of bias. The
quality of the evidence was medium to low.

Conclusions. eHealth improved the physical component of quality of life and depression after cardiac surgery; however, there
was no statistical difference in the mental component of quality of life. The effectiveness of eHealth on patient compliance has
been debated. Further high-quality studies on digital health are required.

Trial Registration: PROSPERO CRD42022327305; https://www.crd.york.ac.uk/prospero/display_record.php?Recordl D=327305
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Introduction

Quiality of Lifeand Cardiac Surgery

Morethan 1.5 million patientsworldwide undergo heart surgery
annually, and this number continues to grow [1]. Patients
experience aseries of psychophysiological changes before and
after surgery. Preoperative anxiety and depression trigger the
psychologica response system, which in turn activates the
endocrine and autonomic nervous systems, affecting
postoperative outcomes, length of hospital stay, and quality of
life [2,3]. Moreover, psychological changes related to chronic
stress, such asanxiety and depression, can affect not only quality
of life but also physiological parameters such as respiratory
rate, heart rate, blood pressure, inflammatory markers, and brain
activity, which may be detrimental to postoperative recovery
[4-6]. The recovery period after cardiac surgery is relatively
long, and most of the recovery processes, such as the healing
of surgical wounds and the recovery of cardiac function, take
place at home or in other facilities outside the hospital [7]. After
cardiac surgery, patients and their families often have concerns
regarding quality of life after discharge[8,9], sincethey will be
solely responsible for at-home care [10,11]. Many problems
can arise due to alack of self-care knowledge and skills, and
these problems increase with inadequate follow-up for patient
education, counseling, and postoperative care [12].

eHealth Interventions

In recent years, both health professionals and patients have been
increasingly involved in eHealth [13], which includes mobile
health, mobile and wireless technologies, health information
technol ogy, telemedicine, and personalized medicine, to improve
clinical care, such as public health, health administration, and
health-related education [14]. eHealth is often designed to
support the achievement of health goals. With the increasing
social demand for electronic technology, the use of mabile
devices hasthe great potential to transform conventional health
care and implement patient-centered initiatives [15-17].
Increased patient engagement isakey factor in eHealth and has
the potential to motivate users and enable them to become more
proactive and effective in managing their own health, ultimately
improving quality of care [18]. The quality of health care has
improved significantly with the use of telemedicine [19]. In
addition, electronic medical interventions are already widely
used in perioperative nursing [20].

Approximately 70% of patients consult the internet for
information soon after learning about their upcoming surgery
[21,22]. Studies[23,24] have reported that eHealth interventions
for cardiac rehabilitation can also improve patients' quality of
life. These interventions provide continuous education regarding
patient care and treatment, and offer counseling and support to
at-home care providers while allowing access to vital

https://www.jmir.org/2022/8/e40090

information for patients, their families, and health care providers
[25].

Many studies have evaluated the potential benefits of eHealth
interventions in patients who have undergone cardiac surgery.
However, to date, there has been no systematic evaluation of
the effectiveness of these eHealth interventions compared to
conventional care in terms of physiology, psychology, and
compliance of adult patients after cardiac surgery. Therefore,
we conducted this systematic review to assess the impact of
eHealth interventions after cardiac surgery on quality of life,
psychology, and compliance.

Methods

Design

This study was conducted and reported in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) statement (Multimedia Appendix 1) [26].
The systematic review protocol was registered in PROSPERO
(International Prospective Register of Systematic Reviews;
CRD42022327305).

Search Strategy and Data Sources

The PubMed, Embase, CINAHL, and the Cochrane Central
Register of Controlled Trials databases were searched from
inception to April 2022. The search strategy consisted of 2
components. clinical situation (adult, cardiac surgery) and
intervention type (health management using mobile phones,
wearables, personal digital assistants, and other wireless
devices). Relevant search items and combinations of Medical
Subject Headings were used to identify trialsrelated to eHealth
and cardiac surgery. Searches were not limited to a specific
geographic region, language, or period, but any literature without
itsfull text was excluded. We exclusively included randomized
controlled trials. The exact search terms used in each of the
databases and the corresponding number of resultsare provided
(Multimedia Appendix 2). EndNote 20 (Clarivate) was used for
database management.

Inclusion and Exclusion Criteria

Theinclusion criteriawereasfollows: (1) patientsaged 18 years
or older at the time of heart surgery and studies that did not
specify the type of heart surgery, (2) studiesthat evaluated any
type of eHealth intervention, and (3) randomized controlled
clinical studies.

Exclusion criteria were as follows. (1) studies where the full
text could not be obtained, (2) insufficient clinical data that
were reported in the form of meeting abstracts and did not
provide detailed treatment methods or report the relevant results,
and (3) duplicate studies.
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Document Screening and Data Extraction

Two researchers (RN and ML) independently performed the
literature screening and data extraction according to the literature
inclusion and exclusion criteria. Decisions on inclusion or
exclusion were made by the researchers after ajoint discussion
of the results. Disagreements were resolved by athird party.

One researcher extracted the data using a literature data
extraction table, and asecond researcher confirmed the accuracy
and authenticity of the data. The extracted content included
study information (research topic, author, publication date, and
region), baseline characteristics of the study participants (sample
size and age), specific details of the intervention, follow-up
time, and other outcomeindicators (quality of life, anxiety and
depression, cardiovascular events, treatment, and medication
compliance).

Data Analyses

Mean (SD) valueswere used to cal cul ate the pooled effect sizes
for al consecutive data, including quality of life and depression.
When measuring the same outcome using different instruments,
we chose the standardized mean difference with a 95% CI to
represent the combined effect size; otherwise, we used the mean
difference (MD) with a95% CI to represent the combined effect
size. Odds ratios were used to calculate the combined effect
sizefor al dichotomous data. The Cohen Q test for chi-square

distribution and an inconsistency index (12) were used to test
for heterogeneity among the studies. We selected a fixed-effects

Ni et a

model to estimate the effect size if there was no significant

heterogeneity in the data (12<50%). Otherwise, arandom effects
model was used. A sensitivity analysis was performed using
the leave-one-out method. All meta-analyses were performed
using the Stata software (version 15.1; StataCorp).

Quality Assessment

Before analyzing the extracted data, 2 researchersindependently
assessed the quality of the included studies. A discussion with
athird reviewer was conducted until a consensus was reached
and disagreements were resolved. The quality of each study
was assessed according to the guidelines provided by the
Cochrane risk-of-bias tool for randomized trials, version 2.0
(RoB 2) [27]. The overall quality of evidence for each outcome
was assessed using the GRADE (Grading of Recommendations,
Assessment, Development and Eval uations) approach [28].

Results

Identification of Studies

The PRISMA flowchart in Figure 1 summarizes the search
results and selection process for al studies included in our
synthesis. A total of 3632 articles were retrieved through a
systematic literature search. After removing duplicate studies,
the remaining 2979 records were screened. After reading 41
eligiblefull-text articles, 22 were excluded, and 19 were selected
[29-47]. A summary of the study characteristics and participant
demographicsare presented in Multimedia Appendix 3[29-47].

Figure1l. The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.

https://www.jmir.org/2022/8/e40090
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Meta-analysis

Primary Outcome

Quality

The fixed-effects analysis model was used to analyze the
physical and mental outcomes of quality of life. In terms of

of Life

Ni et a

physical outcomes, the scores of the control group were lower
than those of the intervention group (MD 0.15, 95% CI

0.03-0.27, 1°=0%, P=.02) (Figure 2). However, there was no
significant difference in the mental outcomes between the

intervention and control groups (MD 0.10, 95% CI -0.03 to
0.24, 1%=46.4%, P=.14) (Figure 3).

Figure 2. Forest plot of the effect of physical outcomes of quality of life after cardiac surgery. SMD: standardized mean difference.
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Forest plot of the effect of mental outcomes of quality of life after cardiac surgery. SMD: standardized mean difference.
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Depression
To evaluate depression outcomes, we used a random-effects
analysis model. The score of the control group was lower than

Ni et a

that of the intervention group (MD —-0.53, 95% CI -0.89 to
-0.17, 1°=57.1%, P=.004) (Figure 4). Owing to sparse data,
there was no subgroup analysis of the main outcomeindicators
based on afollow-up period of 3 months.

Figure 4. Forest plot of the effect of depression after cardiac surgery. SMD: standardized mean difference.
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Other Outcomes

Three studies [29,30,42] reported no significant difference in
theimprovement of anxiety between theintervention and control
groups. The occurrence of mortality was reported in 4 studies
[31,32,36,39], of which 1 study [31] showed a statistically
significant reduction in mortality in the intervention group,
whilethe other 3 studies reported different conclusions. A total
of 4 studies [30,35,39,42] reported no statistical significance
for readmission between the intervention and control groups.
Among the 3 studies [31,39,43] that reported on compliance, 2
studies [31,43] showed better compliance in the experimental
group compared to the control group. However, 1 study [39]
showed no statistical difference in compliance between the two
groups. Two studies [35,37] indicated that none of the 4 lipid
indexes had statistical significance. We generated 2 forest plots
to show the effects of eHealth on other outcomes (Multimedia
Appendices 4 and 5). Most of the studies had no significant
differences in their results, apart from those for compliance,

https://www.jmir.org/2022/8/e40090

RenderX
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bleeding events, secondary prophylactic medication, patient
satisfaction, and time in the therapeutic range (Multimedia
Appendices 4 and 5).

Sensitivity Analysis
A sensitivity analysis of quality of life and depressive outcomes
was performed using the leave-one-out method, as shown in

MultimediaAppendix 6[31,32,34,35,37,41,45], and theresults
were consistent.

Quality Assessment

RoB 2 [27] was used for quality evaluation. Overal, the
included studies had alow to moderate risk of bias, as shown
in Figure 5. Most articles did not clearly report the
randomization process. The overall quality of evidencefor each
outcome was assessed using the GRADE approach [28]. The
quality rates of each outcome are shown in Multimedia
Appendix 7. In summary, although the quality of some outcomes
was moderate, the overall quality was low.
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Figure5. A risk-of-bias map using the Cochrane systematic evaluation method to assess the quality of the included randomized controlled trials.
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Yadav et al [46]

. . o . . . . . . = . . . . . . . . . Deviations from intended interventions

0-500-0-0000-00000 - inuinorcs
000000000000000000 - rucuconein:

Zhu et al [47]

Discussion

Principal Findings

In this systematic review, we assessed the impact of eHealth
interventions on cardiac surgery recovery based on the results
of 19 studies. These studies reported at least an equal (n=6)
[29,30,33,38,39,42] or positive effect (n=13)
[31,32,34-37,40,41,43-47] of the eHealth intervention compared
to conventional care. According to the results of the
meta-analysis, when compared with the control group, the
eHealth intervention group showed an improvement in both the
physical component of quality of life and the depressive status
of patients after cardiac surgery. The mental component of
quality of life was not significantly different in the two groups.
This may be related to the shorter follow-up period of the
included studies. Lin et a [31] showed that an effect on quality
of life was not observed until the follow-up after 18 months,
which was not long enough for most of the studiesweincluded.
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van der Meij et a [48] showed that eHealth interventions have
similar effects on different types of postoperative outcome
measurements. The results for physical and psychologica
indicators were comparable. Therefore, we only conducted a
meta-analysis on quality of life and depression. Study results
on patients with different types of heart surgery, eHedth
interventions, and measured outcomes varied widely. Due to
thelack of reported dataand heterogeneity, analysis of the other
results using statistical methods was not performed. The
economics of eHealth interventions have also not been studied
yet. Interms of medication adherence, 2 of the 3 studiesreported
improved medication adherence after eHealth intervention
[31,43]. Fewer than 10 studieswereincluded in the quantitative
analysis for each outcome; therefore, publication bias anaysis
was not performed. However, thefindings should beinterpreted
with caution, asthe overall quality of the body of evidence was
low to moderate because of the risk of bias in the included
studies.
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Patients undergoing different cardiac surgeries have different
postoperative needs. The studiesin thisreview included eHealth
interventions for medication education, consultation, follow-up,
postoperative exercise, and rehabilitation. eHealth interventions
were also used specificaly for postoperative pain [38],
anticoagulant management [44,47], and secondary drug
prevention [33,35,39]. Martorellaet al [38] revealed that patients
in the experimental group did not experience less intense pain
but reported significantly less pain interference when breathing
or coughing (P=.04). However, the experimental group
consumed more opioid medication (mean 31.2, SD 23.2 mg)
than the control group (mean 18.8, SD 15.3 mg; P=.001). Two
studies[44,47] showed that the use of eHealth improved efficacy
in maintaining the therapeutic range of prothrombin time.
Another study [44] showed improvement in self-management
knowledge, self-efficacy, and improved behavior of patients
undergoing cardiac valve replacement, as well as reduced
adverse events for bleeding thrombosis [47] through eHealth
intervention. Qu et al [33] showed that eHealth interventions
have limited ability to increase prescription rates for statins or
other drugs. Widmer et al [35] showed that eHealth interventions
can improve the secondary prevention of cardiovascular
diseases. Yu et al [39] showed that the intervention group had
no significant impact on mortality, major adverse
cerebrovascular events, and cardiovascular rehospitalization,
which may be related to low patient participation.

Limitations

First, due to sparse data, there was no subgroup analysis of the
main outcomes according to follow-up time, nor was there a
comparative analysis of the pros and cons of different types of
electronic interventions and different types of cardiac surgery
on postoperative effects. Moreover, due to the limited number
of included studies and the lack of publication bias analysis,
the number of measured depression outcomes was small, and
there was a possibility of deviation. Finaly, allocation hiding
was not explicitly reported in most of theincluded studies. The
quality of the study outcomes was relatively low, and more
high-quality randomized controlled trials should beincludediin
the future.

Comparison With Prior Work

According to our literature review, there have been many studies
on the clinical application of eHealth interventions. However,
to our knowledge, there is no systematic study on the impact
of electronic interventions on patients after cardiac surgery.
This is the first published systematic evaluation of the effects

Ni et a

of using eHealth on patients who have undergone cardiac
surgery. We ensured the use of robust methodology to conduct
thisreview by following the PRISMA guidelines [26].

Among the published systematic evaluations, studies on the
application of electronic interventions included patients with
cancer, respiratory diseases, and arthritis. In terms of quality of
life, 3 studies [49-51] reported that €l ectronic interventionswere
ineffective, but 7 [52-58] reported improvement in quality of
life. Two articles [51,57] reported that electronic intervention
was ineffective in relieving anxiety, and another [59] showed
mixed views. Electronic intervention was reported to be
ineffectivefor depressionin 2 studies[51,60], whereas 3 articles
[54,55,59] provided mixed conclusions. There were mixed
results regarding the effect of pain relief, with some studies
[50,51] indicating no effect on pain relief, and others [55,61]
reporting the opposite. Seven studies reported on patient
compliance: 2 studies[51,62] showed no statistical significance
in improving patient compliance, 3 studies [63-65] showed a
positive impact, and according to the remaining 2 studies
[66,67], theimpact was uncertain. Another study [68] indicated
that electronic intervention could effectively improve maximum
aerobic capacity and alter cardiovascular risk factors. In
addition, we found that the effectiveness of electronic
interventions may be related to the disease type. eHealth
interventions showed positive effects on the outcome of some
patients [52-55], but studies reporting on patients with cancer
[49] and patientswith arthritis[50,51] reported negative results.

There are many different types of cardiac surgery, such asvalve
replacement, bypass, and heart transplantation. The various
resultsrelating to different disease types might indicate that the
effect of eHealth intervention may vary according to patient
type. More high-quality studies are needed to verify these
findings.

Conclusions

Based on this systematic review, the eHealth intervention group
showed improvement in both the physical component of quality
of life and depressive status after cardiac surgery, but the
positive effects of the intervention were small. Moreover, the
mental component of quality of life was not significantly
different between the two groups. The overall quality of the
evidence was low to medium. The compliance outcomes
improved in most intervention groups. In the future,
higher-quality randomized controlled studies of eHealth
interventions are needed to provide more evidence for clinical
practice.

Acknowledgments

We acknowledge the grants received from the Fujian Undergraduate Education and Teaching Reform Research Magjor Project
(grant FBJG20210119) and the Education and Teaching Reform Research Project of Fujian Medical University (grant J21007).

Conflictsof Interest
None declared.

Multimedia Appendix 1

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist.

https://www.jmir.org/2022/8/e40090

JMed Internet Res 2022 | vol. 24 | iss. 8 [e40090 | p.182
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ni et a

[DOCX File, 27 KB - jmir_v24i8e40090_appl.docx ]

Multimedia Appendix 2
Search terms.
[DOCX File, 27 KB - jmir_v24i8e40090 app2.docx ]

Multimedia Appendix 3
Baseline characteristics of the 19 studies selected for the meta-analysis.

[DOCX File, 28 KB - jmir_v24i8e40090_app3.docx ]

Multimedia Appendix 4
Forest plot of the effect of eHealth on other cardiac postoperative outcomes (continuous data).

[DOCX File, 126 KB - jmir_v24i8e40090_app4.docx ]

Multimedia Appendix 5
Forest plot of the effect of eHealth on other cardiac postoperative outcomes (dichotomous data).
[DOCX File, 116 KB - jmir_v24i8e40090_app5.docx ]

Multimedia Appendix 6
Influence analysis.
[DOCX File, 23 KB - jmir_v24i8e40090 app6.docx ]

Multimedia Appendix 7
The overall quality of the evidence for each outcome.
[DOCX File, 23 KB - jmir_v24i8e40090_app7.docx ]

References

1. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, BlahaMJ, Cushman M, et a. Heart disease and stroke statistics—2016
update. Circulation 2016 Jan 26;133(4):e38-e360. [doi: 10.1161/cir.0000000000000350]

2. PooleL, Ronaldson A, Kidd T, Leigh E, Jahangiri M, Steptoe A. Pre-surgical depression and anxiety and recovery following
coronary artery bypass graft surgery. J Behav Med 2017 Apr;40(2):249-258 [FREE Full text] [doi:
10.1007/s10865-016-9775-1] [Medline: 27552993]

3. Phadke SSD, Parkar H, Yardi S. Effect of music intervention on immediate post operative coronary artery bypass graft
surgery (CABG,) patients. Ind Jour of Physioth and Occupat Therapy - An Inter Jour 2014 Dec;8(4):106 [FREE Full text]
[doi: 10.5958/0973-5674.2014.00021.5] [Medline: 26835471]

4. Rosengren A, Hawken S, Ounpuu S, Sliwa K, Zubaid M, Almahmeed WA, et al. Association of psychosocial risk factors
with risk of acute myocardial infarctionin 11 119 cases and 13 648 controls from 52 countries (the INTERHEART study):
case-control study. The Lancet 2004 Sep;364(9438):953-962. [doi: 10.1016/S0140-6736(04)17019-0] [Medline: 15364186]

5. Richardson S, Shaffer JA, Falzon L, Krupka D, Davidson KW, Edmondson D. Meta-analysis of perceived stress and its
association with incident coronary heart disease. Am J Cardiol 2012 Dec 15;110(12):1711-1716 [FREE Full text] [doi:
10.1016/j.amjcard.2012.08.004] [Medline: 22975465]

6. CustodisF, GertzK, BalkayaM, Prinz V, Mathar I, Stamm C, et al. Heart rate contributes to the vascular effects of chronic
mental stress: effects on endothelial function and ischemic brain injury in mice. Stroke 2011 Jun;42(6):1742-1749. [doi:
10.1161/STROKEAHA.110.598607] [Medline: 21527760]

7. Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden WB, American Heart Association Statistics
CommitteeStroke Statistics Subcommittee. Heart disease and stroke statistics--2012 update: a report from the American
Heart Association. Circulation 2012 Jan 03;125(1):e2-e220 [FREE Full text] [doi: 10.1161/CIR.0b013e31823ac046]
[Medline: 22179539]

8.  Bikmoradi A, Masmouei B, Ghomeisi M, Roshanaei G. Impact of tele-nursing on adherenceto treatment plan in discharged
patients after coronary artery bypass graft surgery: A quasi-experimental study in Iran. Int JMed Inform 2016 Feb;86:43-48.
[doi: 10.1016/].ijmedinf.2015.12.001] [Medline: 26725694]

9.  Bikmoradi A, Zafari A, Oshvandi K, Mazdeh M, Roshanaei G. Effect of progressive muscle relaxation on severity of pain
in patients with multiple sclerosis: arandomized controlled trial. Hayat 2014;20(1):26-37 [EREE Full text]

10. Bikmoradi A, Seifi Z, Poorolgjal J, Araghchian M, Safiaryan R, Oshvandi K. Effect of inhalation aromatherapy with
lavender essential oil on stress and vital signsin patients undergoing coronary artery bypass surgery: A single-blinded
randomized clinical trial. Complement Ther Med 2015 Jun;23(3):331-338. [doi: 10.1016/j.ctim.2014.12.001] [Medline:
26051567]

https://www.jmir.org/2022/8/e40090 JMed Internet Res 2022 | vol. 24 | iss. 8 [e40090 | p.183
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v24i8e40090_app1.docx&filename=52b566120e8cd8a35bdaa8a2634adcea.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e40090_app1.docx&filename=52b566120e8cd8a35bdaa8a2634adcea.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e40090_app2.docx&filename=7e76f67e0ab17a7ce51f825ecaab3f2a.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e40090_app2.docx&filename=7e76f67e0ab17a7ce51f825ecaab3f2a.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e40090_app3.docx&filename=3a131fa2ac3ed238261abe77e7d894f0.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e40090_app3.docx&filename=3a131fa2ac3ed238261abe77e7d894f0.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e40090_app4.docx&filename=ad91b872290018f082d616b0116cffe7.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e40090_app4.docx&filename=ad91b872290018f082d616b0116cffe7.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e40090_app5.docx&filename=31a9cfcdf2437decc1a04d5630235ed7.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e40090_app5.docx&filename=31a9cfcdf2437decc1a04d5630235ed7.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e40090_app6.docx&filename=44a5d877796689344ed15a6a89916438.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e40090_app6.docx&filename=44a5d877796689344ed15a6a89916438.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e40090_app7.docx&filename=f6d0df80401ce03668a2527ad0700b80.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e40090_app7.docx&filename=f6d0df80401ce03668a2527ad0700b80.docx
http://dx.doi.org/10.1161/cir.0000000000000350
https://europepmc.org/abstract/MED/27552993
http://dx.doi.org/10.1007/s10865-016-9775-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27552993&dopt=Abstract
https://europepmc.org/abstract/MED/26835471
http://dx.doi.org/10.5958/0973-5674.2014.00021.5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26835471&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(04)17019-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15364186&dopt=Abstract
http://europepmc.org/abstract/MED/22975465
http://dx.doi.org/10.1016/j.amjcard.2012.08.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22975465&dopt=Abstract
http://dx.doi.org/10.1161/STROKEAHA.110.598607
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21527760&dopt=Abstract
http://europepmc.org/abstract/MED/22179539
http://dx.doi.org/10.1161/CIR.0b013e31823ac046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22179539&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2015.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26725694&dopt=Abstract
https://hayat.tums.ac.ir/article-1-710-en.pdf
http://dx.doi.org/10.1016/j.ctim.2014.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26051567&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ni et a

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Seifi Z, Beikmoradi A, Oshvandi K, Poorolajal J, Araghchian M, Safiaryan R. The effect of lavender essential oil on anxiety
level in patients undergoing coronary artery bypass graft surgery: A double-blinded randomized clinical trial. Iran JNurs
Midwifery Res 2014 Nov;19(6):574-580 [ FREE Full text] [Medline: 25558253]

Khodaveisi M, Pazargadi M, Yaghmaei F, Bikmoradi A. Identifying challengesfor effective eval uation in nursing education:
A qualitative study. J Res Med Sci 2012 Jul;17(7):710-717 [EREE Full text] [Medline: 23798935]

Digital health. US Food and Drug Administration. 2018. URL: http://www.fda.gov/medical devices/digital health/ [accessed
2020-04-09]

van Dyk L. A review of telehealth service implementation frameworks. Int J Environ Res Public Health 2014 Jan
23;11(2):1279-1298 [FREE Full text] [doi: 10.3390/ijerph110201279] [Medline: 24464237]

Vallespin B, Cornet J, Kotzeva A. Ensuring evidence-based safe and effective mHealth applications. Stud Health Technol
Inform 2016;222:248-261. [Medline: 27198107]

Basch E, Deal AM, KrisMG, Scher HI, Hudis CA, Sabbatini P, et a. Symptom monitoring with patient-reported outcomes
during routine cancer treatment: a randomized controlled trial. JCO 2016 Feb 20;34(6):557-565. [doi:
10.1200/jc0.2015.63.0830]

Park LG, Howie-Esquivel J, Dracup K. A quantitative systematic review of the efficacy of mobile phone interventions to
improve medication adherence. JAdv Nurs 2014 Sep 01;70(9):1932-1953. [doi: 10.1111/jan.12400] [Medline: 24689978]
Barello S, Triberti S, GraffignaG, Libreri C, Serino S, Hibbard J, et al. eHealth for patient engagement: asystematic review.
Front Psychol 2015 Jan;6:2013 [FREE Full text] [doi: 10.3389/fpsyg.2015.02013] [Medline: 26779108]

Raikhelkar J, Raikhelkar JK. The impact of telemedicine in cardiac critical care. Crit Care Clin 2015 Apr;31(2):305-317.
[doi: 10.1016/j.ccc.2014.12.008] [Medline: 25814456]

Cook DJ, Manning DM, Holland DE, Prinsen SK, Rudzik SD, Roger VL, et al. Patient engagement and reported outcomes
in surgical recovery: effectiveness of an e-health platform. JAm Coll Surg 2013 Oct;217(4):648-655. [doi:
10.1016/j.jamcollsurg.2013.05.003] [Medline: 23891066]

Di Giammarco GG, Di Mascio T, Di Mauro M, Tarquinio A, Tarquinio A, Vittorini P. SmartHeart CABG Edu: first
prototype and preliminary evaluation. In: Methodologies and Intelligent Systems for Technology Enhanced Learning.
Cham: Springer; 2013:57-66.

Dale JG, Midthus E, Dale B. Using information and communication technology in the recovery after a coronary artery
bypass graft surgery: patients attitudes. J Multidiscip Healthc 2018 Aug 27;11(5):417-423 [FREE Full text] [doi:
10.2147/IMDH.S175195] [Medline: 30214223]

Frederix |, Hansen D, Coninx K, Vandervoort P, Vandijck D, Hens N, et al. Effect of comprehensive cardiac tel erehabilitation
on one-year cardiovascular rehospitalization rate, medical costs and quality of life: A cost-effectiveness analysis. Eur J
Prev Cardiol 2016 May 19;23(7):674-682. [doi: 10.1177/2047487315602257] [Medline: 26289723]

Chauvet-Gelinier J, Bonin B. Stress, anxiety and depression in heart disease patients: A major challenge for cardiac
rehabilitation. Ann Phys Rehabil Med 2017 Jan;60(1):6-12 [FREE Full text] [doi: 10.1016/j.rehab.2016.09.002] [Medline:
27771272)

Mohammad-Alizadeh-Charandabi S, Malakoti J, Sohrabi F, Shokranian N. The effect of telephone support on postpartum
depression: arandomized controlled trial. JCaring Sci 2013 Jun;2(2):147-155 [FREE Full text] [doi: 10.5681/j¢s.2013.018]
[Medline: 25276721]

Page M J, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et a. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021 Mar 29;372:n71 [EREE Full text] [doi: 10.1136/bmj.n71] [Medline:
33782057]

Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et a. RoB 2: arevised tool for assessing risk of bias
in randomised trials. BMJ 2019 Aug 28;366:14898. [doi: 10.1136/bmj.14898] [Medline: 31462531]

Schiinemann H, Brozek J, Guyatt G, Oxman A. GRADE Handbook. The GRADE Working Group. 2013 Oct. URL: https:/
/qgdt.gradepro.org/app/handbook/handbook.html [accessed 2019-10-24]

Chunta K. An interventional study to provide telephone follow-up support to open-heart surgery patients during recovery.
Appl Nurs Res 2016 Nov;32:41-43. [doi: 10.1016/j.apnr.2016.04.001] [Medline: 27969049]

Keeping-Burke L, Purden M, Frasure-Smith N, Cossette S, McCarthy F, Amsel R. Bridging the transition from hospital to
home: effects of the VITAL telehealth program on recovery for CABG surgery patients and their caregivers. Res Nurs
Health 2013 Dec;36(6):540-553. [doi: 10.1002/nur.21571] [Medline: 24242195]

LinC, Yaseri M, Pakpour AH, Malm D, Brostrom A, Fridlund B, et al. Can amultifaceted intervention including motivational
interviewing improve medication adherence, quality of life, and mortality ratesin older patients undergoing coronary artery
bypass surgery? A multicenter, randomized controlled trial with 18-month follow-up. Drugs Aging 2017 Feb;34(2):143-156.
[doi: 10.1007/s40266-016-0429-3] [Medline: 28004259]

Arthur HM, DanielsC, McKelvieR, Hirsh J, Rush B. Effect of apreoperative intervention on preoperative and postoperative
outcomesin low-risk patients awaiting elective coronary artery bypass graft surgery. A randomized, controlled trial. Ann
Intern Med 2000 Aug 15;133(4):253-262. [doi: 10.7326/0003-4819-133-4-200008150-00007] [Medline: 10929164]

https://www.jmir.org/2022/8/e40090 JMed Internet Res 2022 | vol. 24 | iss. 8 [e40090 | p.184

(page number not for citation purposes)


http://europepmc.org/abstract/MED/25558253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25558253&dopt=Abstract
http://europepmc.org/abstract/MED/23798935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23798935&dopt=Abstract
http://www.fda.gov/medicaldevices/digitalhealth/
https://www.mdpi.com/resolver?pii=ijerph110201279
http://dx.doi.org/10.3390/ijerph110201279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24464237&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27198107&dopt=Abstract
http://dx.doi.org/10.1200/jco.2015.63.0830
http://dx.doi.org/10.1111/jan.12400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24689978&dopt=Abstract
https://dx.doi.org/10.3389/fpsyg.2015.02013
http://dx.doi.org/10.3389/fpsyg.2015.02013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26779108&dopt=Abstract
http://dx.doi.org/10.1016/j.ccc.2014.12.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25814456&dopt=Abstract
http://dx.doi.org/10.1016/j.jamcollsurg.2013.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23891066&dopt=Abstract
https://dx.doi.org/10.2147/JMDH.S175195
http://dx.doi.org/10.2147/JMDH.S175195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30214223&dopt=Abstract
http://dx.doi.org/10.1177/2047487315602257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26289723&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1877-0657(16)30507-3
http://dx.doi.org/10.1016/j.rehab.2016.09.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27771272&dopt=Abstract
http://europepmc.org/abstract/MED/25276721
http://dx.doi.org/10.5681/jcs.2013.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25276721&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
http://dx.doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31462531&dopt=Abstract
https://gdt.gradepro.org/app/handbook/handbook.html
https://gdt.gradepro.org/app/handbook/handbook.html
http://dx.doi.org/10.1016/j.apnr.2016.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27969049&dopt=Abstract
http://dx.doi.org/10.1002/nur.21571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24242195&dopt=Abstract
http://dx.doi.org/10.1007/s40266-016-0429-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28004259&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-133-4-200008150-00007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10929164&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ni et a

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

QuJ,DuJ Rao C, Chen S, Gu D, Li J, MISSION-1 Collaborative Group. Effect of a smartphone-based intervention on
secondary prevention medication prescriptions after coronary artery bypass graft surgery: The MISSION-1 randomized
controlled trial. Am Heart J 2021 Jul;237:79-89. [doi: 10.1016/j.ahj.2021.03.005] [Medline: 33689732]

Rollman BL, Belnap BH, LeMenager MS, Mazumdar S, Houck PR, Counihan PJ, et a. Telephone-delivered collaborative
care for treating post-CABG depression: arandomized controlled trial. JAMA 2009 Nov 18;302(19):2095-2103 [FREE
Full text] [doi: 10.1001/jama.2009.1670] [Medline: 19918088]

Widmer RJ, Allison TG, Lennon R, Lopez-Jimenez F, Lerman LO, Lerman A. Digital health intervention during cardiac
rehabilitation: A randomized controlled trial. Am Heart J 2017 Jun;188:65-72. [doi: 10.1016/j.ahj.2017.02.016] [Medline:
28577682]

Watanabe E, Yamazaki F, Goto T, Asai T, Yamamoto T, Hirooka K, et al. Remote management of pacemaker patients
with biennial in-clinic evaluation: continuous home monitoring in the Japanese at-home study: arandomized clinical trial.
Circ Arrhythm Electrophysiol 2020 May;13(5):€007734 [EREE Full text] [doi: 10.1161/CIRCEP.119.007734] [Medline:
32342703]

Lunde P, Bye A, Bergland A, Grimsmo J, Jarstad E, Nilsson BB. Long-term follow-up with a smartphone application
improves exercise capacity post cardiac rehabilitation: A randomized controlled trial. Eur J Prev Cardiol 2020
Nov;27(16):1782-1792 [FREE Full text] [doi: 10.1177/2047487320905717] [Medline: 32106713]

Martorella G, Coété J, Racine M, Choiniére M. Web-based nursing intervention for self-management of pain after cardiac
surgery: pilot randomized controlled trial. J Med Internet Res 2012;14(6):e177 [FREE Full text] [doi: 10.2196/jmir.2070]
[Medline: 23241361]

YuC, LiuC, DuJ, LiuH, Zhang H, Zhao Y, MISSION-2 Collaborative Group. Smartphone-based application to improve
medication adherence in patients after surgical coronary revascularization. Am Heart J 2020 Oct;228:17-26. [doi:
10.1016/j.ahj.2020.06.019] [Medline; 32745732]

Barnason S, Zimmerman L, Nieveen J, Schulz B, Miller C, Hertzog M, et a. Influence of asymptom management telehealth
intervention on older adults early recovery outcomes after coronary artery bypass surgery. Heart Lung 2009;38(5):364-376
[FREE Full text] [doi: 10.1016/].hrtIng.2009.01.005] [Medline: 19755186]

Bikmoradi A, Masmouei B, Ghomeisi M, Roshanaei G, Masiello I. Impact of telephone counseling on the quality of life
of patients discharged after coronary artery bypass grafts. Patient Educ Couns 2017 Dec;100(12):2290-2296. [doi:
10.1016/j.pec.2017.06.010] [Medline: 28625860]

Danielsen SO, Moons P, Sandvik L, Leegaard M, Solheim S, Tgnnessen T, et al. Impact of telephone follow-up and 24/7
hotline on 30-day readmission rates following aortic valve replacement - A randomized controlled trial. Int J Cardiol 2020
Feb 01;300:66-72. [doi: 10.1016/).ijcard.2019.07.087] [Medline: 31387822]

Gomis-Pastor M, Mirabet Perez S, Roig Minguell E, BrossaLoidi V, Lopez Lopez L, Ros Abarca S, et al. Mobile health
to improve adherence and patient experience in heart transplantation recipients: the mHeart trial. Healthcare (Basel) 2021
Apr 14;9(4):463 [FREE Full text] [doi: 10.3390/healthcare9040463] [Medline: 33919899]

Jeon HR, Park JS. [Development and application of a self-management program based on prothrombin INR monitoring
for patientswith cardiac valve replacement]. JKorean Acad Nurs 2015 Aug;45(4):554-564. [doi: 10.4040/jkan.2015.45.4.554]
[Medline: 26364530]

Lindman BR, Gillam LD, Coylewright M, Welt FGP, ElImariah S, Smith SA, et al. Effect of a pragmatic home-based mobile
health exercise intervention after transcatheter aortic valve replacement: arandomized pilot trial. Eur Heart J Digit Health
2021 Mar;2(1):90-103 [FREE Full text] [doi: 10.1093/ehjdh/ztab007] [Medline: 34048509]

Yadav S, Sethi R, Pradhan A, Vishwakarma P, Bhandari M, Gattani R, et al. 'Routine' versus 'Smart Phone Application
Based - Intense' follow up of patientswith acute coronary syndrome undergoing percutaneous coronary intervention: I mpact
on clinical outcomes and patient satisfaction. Int J Cardiol Heart Vasc 2021 Aug;35:100832 [FREE Full text] [doi:
10.1016/j.ijcha.2021.100832] [Medline: 34235246]

ZhuZ,Li C, ShenJ, WuK, Li Y, Liu K, et al. New internet-based warfarin anticoagul ation management approach after
mechanical heart valve replacement: prospective, multicenter, randomized controlled trial. JMed Internet Res 2021 Aug
13;23(8):€29529 [ FREE Full text] [doi: 10.2196/29529] [Medline: 34397393]

van der Meij E, Anema JR, Otten RHJ, Huirne JAF, Schaafsma FG. The effect of perioperative e-health interventions on
the postoperative course: a systematic review of randomised and non-randomised controlled trials. PLoS One
2016;11(7):e0158612 [FREE Full text] [doi: 10.1371/journal.pone.0158612] [Medline: 27383239]

XuA, Wang Y, Wu X. Effectiveness of e-health based self-management to improve cancer-rel ated fatigue, self-efficacy and
quality of lifein cancer patients: Systematic review and meta-analysis. J Adv Nurs 2019 Dec;75(12):3434-3447. [doi:
10.1111/jan.14197] [Medline: 31566769]

Zhou L, Zhou Y, YuP, Meng F, Xu 'Y, Jiang Y. Effects of e-health interventions on health outcomes in patients with
rheumatoid arthritis: a systematic review and meta-analysis. J Clin Nurs 2022 Jan 31. [doi: 10.1111/jocn.16236] [Medline:
35102628]

Butler S, Sculley D, SantosD, FellasA, Girones X, Singh-Grewal D, et al. Effectiveness of eHealth and mHealth interventions
supporting children and young people living with juvenile idiopathic arthritis: systematic review and meta-analysis. JMed
Internet Res 2022 Feb 02;24(2):e30457 [FREE Full text] [doi: 10.2196/30457] [Medline: 35107431]

https://www.jmir.org/2022/8/e40090 JMed Internet Res 2022 | vol. 24 | iss. 8 |e40090 | p.185

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.ahj.2021.03.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33689732&dopt=Abstract
http://europepmc.org/abstract/MED/19918088
http://europepmc.org/abstract/MED/19918088
http://dx.doi.org/10.1001/jama.2009.1670
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19918088&dopt=Abstract
http://dx.doi.org/10.1016/j.ahj.2017.02.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28577682&dopt=Abstract
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.119.007734?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1161/CIRCEP.119.007734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32342703&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2047487320905717?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2047487320905717
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32106713&dopt=Abstract
http://www.jmir.org/2012/6/e177/
http://dx.doi.org/10.2196/jmir.2070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23241361&dopt=Abstract
http://dx.doi.org/10.1016/j.ahj.2020.06.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32745732&dopt=Abstract
http://europepmc.org/abstract/MED/19755186
http://dx.doi.org/10.1016/j.hrtlng.2009.01.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19755186&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2017.06.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28625860&dopt=Abstract
http://dx.doi.org/10.1016/j.ijcard.2019.07.087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31387822&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare9040463
http://dx.doi.org/10.3390/healthcare9040463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33919899&dopt=Abstract
http://dx.doi.org/10.4040/jkan.2015.45.4.554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26364530&dopt=Abstract
http://europepmc.org/abstract/MED/34048509
http://dx.doi.org/10.1093/ehjdh/ztab007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34048509&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-9067(21)00120-2
http://dx.doi.org/10.1016/j.ijcha.2021.100832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34235246&dopt=Abstract
https://www.jmir.org/2021/8/e29529/
http://dx.doi.org/10.2196/29529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34397393&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0158612
http://dx.doi.org/10.1371/journal.pone.0158612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27383239&dopt=Abstract
http://dx.doi.org/10.1111/jan.14197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31566769&dopt=Abstract
http://dx.doi.org/10.1111/jocn.16236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35102628&dopt=Abstract
https://www.jmir.org/2022/2/e30457/
http://dx.doi.org/10.2196/30457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35107431&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ni et a

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

Li J, LiuY, Jiang J, Peng X, Hu X. Effect of telehealth interventions on quality of life in cancer survivors: A systematic
review and meta-analysis of randomized controlled trials. Int J Nurs Stud 2021 Oct;122:103970. [doi:
10.1016/j.ijnurstu.2021.103970] [Medline: 34303269]

Larson JL, Rosen AB, Wilson FA. The effect of telehealth interventions on quality of life of cancer survivors: A systematic
review and meta-analysis. Health Informatics J 2020 Jun; 26(2):1060-1078 [ FREE Full text] [doi: 10.1177/1460458219863604]
[Medline: 31566455]

Seiler A, KlaasV, Troster G, Fagundes CP. eHealth and mHealth interventionsin the treatment of fatigued cancer survivors:
A systematic review and meta-analysis. Psychooncology 2017 Sep;26(9):1239-1253. [doi: 10.1002/pon.4489] [Medline:
28665554]

ChenY, Guan B, Li Z, Li X. Effect of telehealth intervention on breast cancer patients quality of life and psychological
outcomes: A meta-analysis. J Telemed Telecare 2018 Apr;24(3):157-167. [doi: 10.1177/1357633X16686777] [Medline:
28081664]

Snoswell CL, RahjaM, Lalor AF. A systematic review and meta-analysis of change in health-related quality of life for
interactive telehealth interventions for patients with asthma. Value Health 2021 Feb;24(2):291-302 [FREE Full text] [doi:
10.1016/j.jval.2020.09.006] [Medline: 33518036]

Su JJ, Yu DSF, Paguio JT. Effect of eHealth cardiac rehabilitation on health outcomes of coronary heart disease patients:
A systematic review and meta-analysis. JAdv Nurs 2020 Mar; 76(3):754-772. [doi: 10.1111/jan.14272] [Medline: 31769527]
Esfandiari E, Miller WC, Ashe MC. The effect of telehealth interventions on function and quality of life for older adults
with pre-frailty or frailty: a systematic review and meta-analysis. J Appl Gerontol 2021 Nov;40(11):1649-1658. [doi:
10.1177/0733464820983630] [Medline: 33402043]

ZhaoL, ChenJ, LanL, DengN, LiaoV, Yuel, et al. Effectiveness of telehealth interventions for women with postpartum
depression: systematic review and meta-analysis. IMIR Mhealth Uhealth 2021 Oct 07;9(10):€32544 [FREE Full text] [doi:
10.2196/32544] [Medline: 34617909]

Thabrew H, Stasiak K, Hetrick SE, Wong S, Huss JH, Merry SN. E-Health interventions for anxiety and depression in
children and adolescents with long-term physical conditions. Cochrane Database Syst Rev 2018 Aug 15;8:CD012489
[FREE Full text] [doi: 10.1002/14651858.CD012489.pub?] [Medline: 30110718]

Du S, LiuW, Cai S, Hu Y, Dong J. The efficacy of e-health in the self-management of chronic low back pain: A meta
analysis. Int JNurs Stud 2020 Jun;106:103507. [doi: 10.1016/j.ijnurstu.2019.103507] [Medline: 32320936]

Bingham JM, Black M, Anderson EJ, Li Y, Toselli N, Fox S, et al. Impact of telehealth interventions on medication
adherence for patients with type 2 diabetes, hypertension, and/or dyslipidemia: a systematic review. Ann Pharmacother
2021 May;55(5):637-649. [doi: 10.1177/1060028020950726] [Medline: 32815400]

Jeminiwa R, Hohmann L, Qian J, GarzaK, Hansen R, Fox Bl. Impact of eHealth on medication adherence among patients
with asthma: A systematic review and meta-analysis. Respir Med 2019 Mar;149:59-68. [doi: 10.1016/j.rmed.2019.02.011]
[Medline: 30803887]

Kebapci A, Ozkaynak M, Lareau SC. Effects of eHealth-based interventions on adherence to components of cardiac
rehabilitation: a systematic review. J Cardiovasc Nurs 2020;35(1): 74-85. [doi: 10.1097/JCN.0000000000000619] [Medline:
31738217]

Pouls BPH, Vriezekolk JE, Bekker CL, Linn AJ, van Onzenoort HAW, Vervioet M, et al. Effect of interactive eHealth
interventions on improving medication adherence in adults with long-term medication: systematic review. JMed Internet
Res 2021 Jan 08;23(1):e18901 [FREE Full text] [doi: 10.2196/18901] [Medline: 33416501]

Aardoom JJ, Loheide-Niesmann L, Ossebaard HC, Riper H. Effectiveness of eHealth interventionsin improving treatment
adherence for adults with obstructive sleep apnea: meta-analytic review. J Med Internet Res 2020 Feb 18;22(2):e16972
[FREE Full text] [doi: 10.2196/16972] [Medline: 32130137]

Schulte MHJ, Aardoom JJ, Loheide-Niesmann L, Verstraete LLL, Ossebaard HC, Riper H. Effectiveness of eHealth
interventions in improving medication adherence for patients with chronic obstructive pulmonary disease or asthma:
systematic review. JMed Internet Res 2021 Jul 27;23(7):e29475 [EREE Full text] [doi: 10.2196/29475] [Medline: 34313593]
Rawstorn JC, Gant N, Direito A, Beckmann C, Maddison R. Telehealth exercise-based cardiac rehabilitation: a systematic
review and meta-analysis. Heart 2016 Aug 01;102(15):1183-1192. [doi: 10.1136/heartjnl-2015-308966] [Medline: 26936337]

Abbreviations

GRADE: Grading of Recommendations, Assessment, Development and Evaluations
MD: mean difference

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROSPERO: International Prospective Register of Systematic Reviews

QoL : quality of life

https://www.jmir.org/2022/8/e40090 JMed Internet Res 2022 | vol. 24 | iss. 8 |e40090 | p.186

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.ijnurstu.2021.103970
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34303269&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1460458219863604?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/1460458219863604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31566455&dopt=Abstract
http://dx.doi.org/10.1002/pon.4489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28665554&dopt=Abstract
http://dx.doi.org/10.1177/1357633X16686777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28081664&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(20)34407-7
http://dx.doi.org/10.1016/j.jval.2020.09.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33518036&dopt=Abstract
http://dx.doi.org/10.1111/jan.14272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31769527&dopt=Abstract
http://dx.doi.org/10.1177/0733464820983630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33402043&dopt=Abstract
https://mhealth.jmir.org/2021/10/e32544/
http://dx.doi.org/10.2196/32544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34617909&dopt=Abstract
http://europepmc.org/abstract/MED/30110718
http://dx.doi.org/10.1002/14651858.CD012489.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30110718&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2019.103507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32320936&dopt=Abstract
http://dx.doi.org/10.1177/1060028020950726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32815400&dopt=Abstract
http://dx.doi.org/10.1016/j.rmed.2019.02.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30803887&dopt=Abstract
http://dx.doi.org/10.1097/JCN.0000000000000619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31738217&dopt=Abstract
https://www.jmir.org/2021/1/e18901/
http://dx.doi.org/10.2196/18901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33416501&dopt=Abstract
https://www.jmir.org/2020/2/e16972/
http://dx.doi.org/10.2196/16972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130137&dopt=Abstract
https://www.jmir.org/2021/7/e29475/
http://dx.doi.org/10.2196/29475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34313593&dopt=Abstract
http://dx.doi.org/10.1136/heartjnl-2015-308966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26936337&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ni et a

Edited by T Leung, G Eysenbach; submitted 06.06.22; peer-reviewed by M Pritchard, X Xiong; comments to author 29.06.22; revised
version received 12.07.22; accepted 26.07.22; published 16.08.22.

Please cite as.

Ni R, LiuM, Huang S, Yang J

Effects of eHealth Interventions on Quality of Life and Psychological Outcomesin Cardiac Surgery Patients: Systematic Review and
Meta-analysis

J Med Internet Res 2022;24(8): 40090

URL: https://mww.jmir.org/2022/8/e40090

doi: 10.2196/40090

PMID: 35972792

©Ruping Ni, Maobai Liu, Shunmin Huang, Jing Yang. Originally published in the Journal of Medical Internet Research
(https://mww.jmir.org), 16.08.2022. Thisisan open-access article distributed under the terms of the Creative Commons Attribution
License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on https.//www.jmir.org/, as well as this copyright and license
information must be included.

https://www.jmir.org/2022/8/e40090 JMed Internet Res 2022 | vol. 24 | iss. 8 [e40090 | p.187
(page number not for citation purposes)

RenderX


https://www.jmir.org/2022/8/e40090
http://dx.doi.org/10.2196/40090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35972792&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Longhini et al

Review

Digital Health Competencies Among Health Care Professionals:
Systematic Review

Jessica Longhini*, M Sc; Giacomo Rossettini, DPhil; Alvisa Palese!, DPhil

1Department of Medical Sciences, University of Udine, Udine, Italy
2School of Physiotherapy, University of Verona, Verona, Italy

Corresponding Author:

Alvisa Palese, DPhil

Department of Medical Sciences, University of Udine
Viae Ungheria, 20

Udine, 33100

Italy

Phone: 39 0432590926

Email: alvisapalese@uniud.it

Related Article:

Thisis acorrected version. See correction statement: https.//www.jmir.org/2022/11/e43721/

Abstract

Background: Digitalization is not fully implemented in clinical practice, and several factors have been identified as possible
barriers, including the competencies of health care professionals. However, no summary of the available evidence has been
provided to date to depict digital health competenciesthat have been investigated among health care professionals, the tool s used
in assessing such competencies, and the effective interventions to improve them.

Objective: This review aims to summarize digital health competencies investigated to date and the tools used to assess them
among health care professionals.

Methods: A systematic review based on the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
checklist was performed. The MEDLINE, Cumulative Index to Nursing and Allied Health Literature, PsycINFO, and Scopus
databases were accessed up to September 4, 2021. Studies assessing digital health competencieswith quantitative designs, targeting
health care professionals, and written in English were included. The methodological quality of included studies was evaluated
using the Joanna Briggs I nstitute tools.

Results: A total of 26 studies, published from 1999 to 2021, met the inclusion criteria, and the majority were cross sectional in
design, while only 2 were experimental study designs. Most studies were assessed with moderate to low methodological quality;
4 categories and 9 subcategories of investigated digital health competencies have been identified. The most investigated category
was “ Self-rated competencies,” followed by “Psychological and emotional aspects toward digital technologies,” “Use of digital
technologies,” and “Knowledge about digital technologies.” In 35% (9/26) of the studies, a previously validated tool was used
to measure the competencies assessed, while others developed ad hoc questionnaires.

Conclusions: Mainly descriptive studies with issues regarding methodology quality have been produced to date investigating
4 main categories of digital health competencies mostly with nonvalidated tools. Competenciesinvestigated might be considered
whiledesigning curriculafor undergraduate, postgraduate, and continuing education processes, whereas the methodol ogical lacks
detected might be addressed with future research. There is a need to expand research on psychological and emotional elements
and the ability to use digital technology to self-learn and teach others.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42021282775;
https://www.crd.york.ac.uk/prospero/display_record.php?Recordl D=282775

(J Med Internet Res 2022;24(8):€36414) doi:10.2196/36414
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Introduction

Background

Over the last few decades, the increasing technology
development has led to a wide digitalization of several work
processesin health care settings. The World Health Organization
(WHO) has recently defined and categorized digital health
interventions in the health care context as “a discrete function
of the digital technology to achieve health care sector objectives’
[1]. The framework developed by the WHO includes a wide
range of digital tools and interventions, such astelemonitoring,
the use of artificial intelligence, decision-making algorithms,
and health data collection [1]. According to the evidence
available, digitalization has improved the quality of care,
affecting several outcomes at the system level (eg, safety in
medication administration and length of in-hospital stay) and
at the individual level (eg, increasing functional/cognitive
abilities and patients’ satisfaction) [2].

Despite its potential effectiveness, digitalization is not fully
implemented in clinical practice. Severa factors have been
identified as possible barriers, including the availability of
technology, financial resources, and health care professionals’
skills in using digital technology [3]. To improve health care
digitalization, health professionals have been recognized as a
key factor inthedigital transformation of the health care sector.
Therefore, they should be equipped with digital health
competencies, from basic (eg, computers, tablets) to more
complex skills, such as teaching patients about the safe and
appropriate use of digital data sources and technology [3].

Digital Health Competencies

Different terms have been established to date by the literature
torefer to digital health competencies. The most common term
is eHealth literacy, which has been defined as the ability to use
information retrieved from an electronic sourceto solve ahealth
problem [4]. Conceptual frameworks describing the concept
and components of eHealth literacy have been developed to
date for citizens and patients [5]. For example, Norman and
Skinner’s Lily framework [4] includes 6 literacy competencies,
namely, health, traditional, information, scientific, computer,
and media literacy. These competencies have been further
expanded, with updated frameworks such as the “Patient
Readinessto Engagein Health Internet Technology” (PRE-HIT)
and the “eHealth Literacy Framework” (eHLF). These include
different elements promoting or hindering eHealth literacy such
as motivation, engagement, willingness, anxiety, expectations,
and beliefs [6,7]. However, the concepts and components
considered in these frameworks should be conceived differently
when referring to health care professionals, given that they are
expected to have the competencies required to solve patients
problems rather than a personal health problem [8]. Asaresult
of this gap, and in light of the required competencies to
overcome barriersin health care digitalization processes[3], an

https://www.jmir.org/2022/8/e36414

emergent area of investigation has been set around the digital
health competencies of health care professionals.

Different frameworks have been devel oped a so in this context,
mostly targeting aspecific profession, mainly nurses, and using
the methodol ogy of expert consultation, surveys, and consensus
(eg, the Delphi study) [5]. Among the most recent frameworks,
the Health I nformation Technol ogy Competencies (HITCOMP)
[9] framework and the Technology Informatics Guiding
Education Reform (TIGER) version 2.0 framework [10] have
both identified 33 areas of competence articulated in domains.
Specifically, the HITCOMP framework [9] has provided 5
domains, namely, (1) administration, (2) research/biomedicine,
(3) direct patient care, (4) informatics, and (5)
engineering/information systems/information and
communications technology (ICT).

The TIGER framework has described relevant competencies
[10] for those who provide direct patient care, including
communication, documentation, quality and safety management,
teaching, training/education, and ethics in health information
technology [10].

In this context, a recent review dared to summarize the digital
health competencies expected by health care professionals by
synthetizing 30 available frameworks [5]. According to the
findings, discrepancies and overlapping are still present across
available frameworks regarding the different categorization of
the competencies, the methods used to conceptualize such
frameworks, and the competencies included [5]. These
inconsistencies rely on the different health care professions
targeted, including health professionals not involved in direct
care, such as engineers [10]. Moreover, haf of the 30
frameworks [5] emerged from gray literature and 30% were
developed with the involvement of students, thus with different
expected responsibilities and competencies [5].

Furthermore, the development of the digital health competencies
according to the emergence of new technologies requires a
continuous updating of both competencies to consider relevant
and methods to assess appropriately these competencies [5].
However, to the best of our knowledge, no recent systematic
reviews have been performed on digital health competencies
among health care professionals. Providing a systematic
summary of literature might inform policymakers, managers,
and educators about how to appropriately measure the level of
competenciesin health care sector and how to develop adequate
training programs to fill the gap in the digital health
competencies. Moreover, asummary of the available evidence
may inform researchers about the gaps in this field of
investigation. Therefore, this systematic review aims to
summarizewhich digital health competencies have been studied
in literature and with what tools they have been measured to
date among health care professionals.
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Methods

Research Questions

Two main research questions have been addressed: (1) Which
digital health competencies have been investigated to date
among hedth care professionals? (2) How have these
competencies been assessed?

Study Design

We conducted a systematic review by adopting the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses, Multimedia Appendix 1) checklist [11] both
in protocol development and in method and finding reporting.
The protocol has been submitted for evaluation to the
International Prospective Register of Systematic Reviews
(PROSPERQ,; registration number CRD42021282775).
Eligibility Criteria

Studies satisfying the following criteria were included: (1)
assessing digital health competenciesasan umbrellaterm (thus
including terms related and similar to, eg, digital literacy [12],
health informatics competencies[10], or eHealth competencies
[13,14]); (2) targeting health care professionals; (3) adopting a
guantitative design (eg, randomized control  tria,
quasi-experimental trial, longitudinal, cross-sectional studies);
and (4) written in English. Therefore, qualitative studies,
commentaries, editorials, letters, PhD dissertations, conference
abstracts, and all studies that investigated technology
accessibility were excluded.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews
searches of databases and registersonly (Page et al [11]).

—

Longhini et a

Data Searching

The search string was designed and devel oped with the support
of an expert research librarian and then preliminarily pilotedin
a database to ensure its accuracy according to the review aims.
The fina string search included the following keywords: (1)
“digital competencies’ and “eHealth literacy” in their similar
and affiliated terms (eg, digital Hedth Literacy,” “digital
literac*,” “digital competenc*,” “digital skill*”; and (2) “health
professionals’ in its affiliated and similar term (“health care
practice*,” “nurs*”) as fully reported in Multimedia Appendix
2. The search string was applied in the following databases:
MEDLINE, Cumulative Index to Nursing and Allied Health
Literature, PsycINFO, and Scopus up to September 4, 2021,
with an English language restriction filter. In addition, the
“TITLE-ABS-KEY” filter was adopted for the SCOPUS
database to detect relevant studies. The reference lists of the
included studies, the availabletria registries, and the references
of systematic reviews were screened by hand-searching to
retrieve al relevant studies. Moreover, Mendeley Reference
Manager was used to manage all references and delete
duplicates.

Study Selection

The title, the abstract, and the full-text screening of eligible
studies were performed by 2 researchers (JL and GR)
independently, and disagreements were resolved by a third
researcher (AP). Interrater reliability was assessed using Cohen
K statistics, and it resulted in avalue of 0.83 (95% CI 0.73-0.93),
meaning an aimost perfect level of agreement [15].

The study selection processis summarizedin Figure 1 according
to the PRISMA flow diagram [11].

and Meta-Analyses) flow diagram for new systematic reviews that included

Records identified from:

Records removed before
sCreening:
Duplicates (n=499)

Databases (n=1304)
Registers (n=0)

Identification

Marked as ineligible by
automated tools (n=0)
Removed for other reasons
(n=0)

— v
Records screened ; Records excluded
(n=805) (n=768)
Reports sought for retrieval Reports not retrieved
E (n=37) > (n=0)
=
|
@
A Reports excluded:
E:i%o?r}ts assessed for eligibility Not satisfying study design

inclusion criteria (n=5)

Y

Studies included in the review
(n=26})

Reports of included studies
(n=0)

Included [
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M ethodological Quality Assessment

Studies were assessed for their methodological quality by 2
researchers (JL and GR) independently, and a third researcher
(AP) was consulted to resolve disagreements.

Joanna Briggs I nstitute toolsfor analytical cross-sectional [16],
prevalence [17], and randomized control trial studies[18] were
adopted according to the design used in the included studies.
Specifically, regarding observationa studies, we considered
analytical cross-sectional studies when the statistical analysis
was performed to identify associations between variables,
otherwise they were considered prevalence studies[17].

For all quality assessment tools adopted, the scores applied were
“Y” (yes) when theitem was satisfied, “N” (no) when theitem
was not satisfied, and “U” (unclear) when the information
contained in the study was not sufficient. Cut-off criteriawere
established through an agreement process among researchers
based on previous evidence[19,20]. A moderate methodol ogical
quality level wasidentified when positive answers (= yes) were
scored from 5to 6 in analytical cross-sectional studies, from 6
to 7 in prevalence studies, and 10 or 11 in randomized control
trials. Positive answers below and above these values were
considered low and high methodological quality, respectively.

However, to comprehend all studies, their methodological
quality was not considered an exclusion criterion.

Data Extraction, Analysis, and Synthesis

The following data were extracted from each included study:
author(s); year of publication; country; study design; population
characteristics (eg, age, work profile) and number of
participants, investigated digital health competencies,
definition(s) provided of the assessed competencies (asreported
inthe" Study Background” or inthe“Methods’ sections); tools,
and data collection methods used to assess the competencies
investigated.

Two Excel grids were developed to extract data from the
included studies according to the study aims. The grids were
piloted among 3 studies to ensure their feasibility, and
consistency was aso assessed among the researchers (JL and
GR) who performed the data extraction.

After having extracted the data, first, the study characteristics
were summarized according to the study design (analytical
cross-sectional, prevalence, and randomized control trial
studies), reporting their main features and methodological
quality. Second, following the aims of this systematic review,
digital health competencies were summarized by extracting and
analyzing items as open- or closed-ended questionsincluded in

https://www.jmir.org/2022/8/e36414
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the tools used to assess such competencies in each study,
irrespective of their formats[21]. Theitems that emerged were
grouped into categories and, when needed, into subcategories
through a content analysis [22]. In the content analysis, the
researchers adopted a systematic coding and categorizing
approach to textual information extracted from the studies to
merge patterns, and structure them into main categories and
subcategories, by aso reporting the frequency [23]. Two
researchers (JL and GR) independently performed the entire
process, and disagreements were resolved by athird researcher
(AP). From the analysis of 362 extracted items used to assess
digital health competencies in the included studies, 4 main
categories emerged, namely, “Self-rated competencies,”
“Psychological and emotional aspects toward the use of digital
technologies,” “Use of digital technologies,” and “Knowledge
about digital technologies” Then, the number of items used
across studies and the number of studies that assessed each
specific category of competence were counted. Furthermore,
tools used to assess the competencies in included studies were
summarized into their main features.

Results

Main Characteristics of Studies | dentified

A total of 1304 studieswereidentified from literature searches,
of which 26 met the inclusion criteria (Figure 1). The mgjority
were cross-sectional studies, of which 11 [24-34] were
considered preval ence datastudies, and 13 [35-47] asanalytical
cross-sectional studies (Table 1). Among the remaining ones,
2 were experimental studies[48,49]. The studiesincluded were
conducted over awide range of years, from 1999 [25] to 2021
[27], and more than 65% (17/26) of them [26-28,32,33,
35,37,39,40,42,44] have been published in the last 5 years.

In total, 5 studies were conducted in the United States of
America[25,30,38,40,41], while the others were performed in
different European countries (eg, Germany [34,35] and Finland
[25,26]), and in low-income countries (eg, Malawi [48] and
Uganda [43]). In terms of the setting, 9 studies [32,33,36,
37,43-46,49] were conducted in hospitals. By contrast, the others
were performed in mixed settings (eg, acute care [26], local
health departments [25], and community [48]).

A total of 8 studies[26,32,36,38,41,42,47,49] involved nurses
and 7[25,27,28,33,39,44,45] covered health care professionals,
while the others involved specific roles (eg, psychiatrists [40],
pharmacists[31], maternal and child professionals[30]; Tables
1 and 2). The sample size was variable across the studies,
ranging from 36 [30] to 5209 participants [39] with a variable
age mostly comprised between 30 [46] and 50 years[27].
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Table 1. Characteristics of included analytical cross-sectional and prevalence studies.
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Study typeand Country Study de- Setting(s) Sampleand Competenciesassessed Definition provided of the  Tools/data collection
reference sign profession; competencies assessed method(s) and items
age
Analytical cross-sectional studies
Campbell  United Descrip- Communi- 112 regis- Self-perceived comput-  Computer literacy: “the Gassert/McDowell
and Mc- States  tive ty hospital  tered nurses; er literacy skills necessary for accesss  Computer Literacy Sur-
Dowell (100 beds) 35 (31.2%) ing and using information,  vey (15 items)
[38] borninthe managing files, navigating
1960s an operating system, and
using common applications,
such as word processing”
(source: “Background” sec-
tion)
Doetad  Viet-  Crosssec- 12hospi-  sppgHcps?,  eHedlth literacy N/AP eHEAL S questionnaire
[39] nam  tiond  tasand3  go5(17.4%) [15] (8 items to mear
health cen-  aged be- sure consumers’ com-
ters tween 41 bined knowledge, com-
and 60 years fort, and perceived
skillsat finding, evaluat-
ing, and applying
eHealth information to
health problems)
Duffyetal United Crosssec- Mixed set- 152psychiaa «  Comfortinusing N/A Web-and-paper-based
[40] States  tiond tings trists; 67 (44 computers and survey (open- and
%) aged be- other electronic closed-ended questions)
tween 50 devicesfor profes-
and 64 sional, personal,
(mean 56.9) and clinical aims
years «  Computer use for
specific clinical
tasks
Elhadietal Libya  Crosssec- Hospitals 673 special- «  Usingcomputer «  Awareness: N/A AKAS? questionnaire
[37] tiona ists/senior ability «  Knowledge: N/A [27] (Awareness, 12
physicians, «  Awareness, «  Attitude: N/A items; Knowledge, 11
physician knowledge, atti- «  Computer skills: level items; Attitude, 11
trainees; 442 tude, and comput- of “informationtechnol-  jtems: information
(65.7%) er skills about ogy and computer technol ogy/computer
aged be- telemedicine sKills” (source: “Meth- skills, 13 items)
tween 30 ods’ section)
and 40 years
Gaumer et United Crosssec- Mixed set- 241 nurse e Useofinformation N/A o Questionnaire:
al [41] States  tional tings practitioners; technology (gener- Useof information
N/A al and for specific technology (gener-
function) a: 1item, specific
o  Benefitsperceived functions: N/A)
fromusing technol- o Perceived benefit,
ogy (caregiving, 3items
time saving, pa- o Self-perceptions
tient safety) about information

o  Sef-perceptions
about information
technology compe-
tence

technol ogy compe-
tence, 1 item
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Study typeand Country Study de- Setting(s) Sampleand Competenciesassessed Definition provided of the  Tools/data collection
reference sign profession; competencies assessed method(s) and items
age
Girdas Turkey Crosssec- Hospitals 688 nurses;  Computer literacy and ~ Computer literacy: “briefly «  Multicomponent
Topkaya tiona 293 (42.6%) titudestoward comput-  defined as the ability to use Assessment of
and Kaya aged be- ersin health care acomputer” aswell as“the Computer Litera-
[36] tween 20 ability to control [a) comput- cy, 24 items
and 29 years er in achieving certain o  Pretest for Atti-
goals,” “to use different tudes Towards
computer applications,” “to Computersin
comprehend [the] economic, Healthcare Assess-
psychological and social ef- ment Scaleversion
fectsof computer[s] on [the] 2,40 items
individual and society,” and
“to use [a] computer [for]
access to information, [for]
communication and [in the]
problem solution process’
(source: “Background” sec-
tion)
Henne- Ger- Crosssec- Rehabilitae 149 partici- «  Acceptance of «  Acceptance (opera- o Sef-administered
manneta  many tiona tionfacili- pants (nurs- eHealth interven- tionalized according to web-based ques-
[35] ties es, psycholo- tion and of online the UTAUT®) “the in- tionnaire (accep-
gists, physi- aftercare tention to use eHealth tance, 4 items; in-
cal thera- «  Information tech- interventions for pa- formation technol-
pists, physi- nology literacy tients health promo- ogy literacy, 1
cians patient «  eHedlth literacy tion in work context, item; performance
administraa .  Performance ex- and adoption of online expectancy, 2
tion, social pectancy aftercare’ items, effort ex-
workers, . Effortexpectancy ,  eHedlth literacy: the pectancy, 2 items;
art/body/oc- «  Internet anxiety ability to find, evalu- internet anxiety, 2
cupationa «  Knowledge of ate, and utilize internet- items; knowledge
therapists, eHealth interven- based hedth informa- of eHealth inter-
nutritionists, tions tion to health prob- ventions, 2 items)
medical lems’ (sourcefor both: *  EHEALSquestion-
technical as- “Methods” section) naire[15] (8
Sistants); . NJA for others items)
mean 44.35
(SD 11.27)
years
Kritsotakis Greece Crosssec- Secondary 200 nurses  eHealth literacy “Theability tofind and ass eHEALSquestionnaire
etd [42] tiona and prima-  and nursing sess hedth-related informa-  [15] (8 items)
ry general- assistants; 70 tion online at the individual
care hospi- (35%) aged level” (source: “Methods’
tals 45-54 years section)
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Study typeand Country Study de- Setting(s) Sampleand Competenciesassessed Definition provided of the  Tools/data collection
reference sign profession; competencies assessed method(s) and items
age
Oloketa Uganda Crosssec- Hospitals 68doctors; «  Attitudestoward  N/A Questionnaire: internal
[43] tiona 33 (48.5%) eHealth consistence eval uated
aged31-40 | avd of ICT use (level of ICT useand
years and skills skills on the same 18
items—Ilist of facilities
and tools; attitudes, 25
items divided into rela
tive advantages, compat-
ibility, complexity, trial-
ability—not considered,
observability)
Shiferaw Ethiopia Crosssec- Hospital 287HCPs; « Internetuse(types « Internetuse: “Hedth «  Internet use, 15
and Mehari tiona mean 30.09 and frequency) professionals’ practice items
[44] (SD5.025) « eHedthliteracy of usingthelinternetfor «  eHEALSquestion-
years browsing hedlth-related naire[15] (8
information to make items)
sound decisions’
« eHedthliteracy: “par-
ticipants’ ability to lo-
cate and use credible
information from the
Internet” (source:
“Methods’ section)
Tesfaeta Ethiopia Crosssec- Teaching 383 HCPs o  Electronichealth  N/A o Questionnaire
[45] tiona hospitals ~ (nurses, doc- information re- (purpose of use, 5
tors, mid- source utilization items; N/A for
wives, phar- (information others)
macigs labo- searching, techni- « eHEALSquestion-
ratory techni- cal skills) and pur- naire[15] (8
cians); mean pose of use items)
28.3(SD «  Computer literacy
337) years .« eHedthliteracy
«  Awareness
o Attitude
«  Motivational fac-
tors (perceived
usefulness and
use)
Thapaetal Saudi Crosssec- Hospitals 218 physi-  «  Willingnesstouse «  Willingness: N/A Questionnaire (willing-
[46] Arabia  tiona ciansand digital healthtools «  Self-efficacy: “Thebe- ness, 1item; self-effica
nurses; 61 in patient care lief in one’'sown abili- ¢y, 12 items; attitude,
(28%) aged .«  Attitudesand self- ty to successfully per- 10 items; perceived
between 31 efficacy toward form various specific  benefit and costs, 20
and 35 years using digital actionsrelatedtothe  items)
health tools use of digital toolsin
« Digital health patient care”
tools use per- « Attitude: “The per-
ceived benefits ceived relevancel/value
and costs of different functions

of digital tools for ac-
tive engagement of pa-
tientsin their own
treatment/care’

o Perceived benefits:
“Positive consequences
of using digital tools’

«  Perceived costs “Poten-
tial psychologicd, fi-
nancial, technological
and administrative bur-
den” (source: “Meth-
ods’ section)
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apps for physician and
patient use; evaluation
of importance of medi-
cal app characteristics

Study typeand Country Study de- Setting(s) Sampleand Competenciesassessed Definition provided of the  Tools/data collection
reference sign profession; competencies assessed method(s) and items
age
Vehkoeta Finland Crosssec- Hospitals, 3407 regiss  Nurses informatics Classification compe-  Questionnaire (16
[47] tiona primary tered nurses, competence: classifica- tence: “Planning, imple-  items)
care, pri- mean age tion competence; e-care mentation and evalua-
vateprac-  46.2 (SD competence; e-docu- tion of care needs, and
tice, social  10.99) years mentation competence; the use of the care pro-
care, and ethics competence cess according to
others Finnish Care Classifica:
tion”
E-care competence:
“Use of eHeslth tools
in tailoring patient
care”
E-documentation com-
petence: “Electronic
recording of patient
data’
E-ethics competence:
“Competencein the
ethical and safeway to
use patient information
systems’ (source:
“Methods’ section)
Prevalence studies
Brady and North-  Crosssec- N/A 98 psychi- Self-rated computing Questionnaire (6 items)
Knox [24] ernlre- tiond atric skill levels
land trainees/con-
sultants (spe-
cialist regis-
tered, senior
house offi-
cers, staff
grades, con-
sultants); age
N/A
Hollander  United Crosssec- 344 local Someof or  Staff internet use and Questionnaire (N/A)
and Martin  States  tional healthde-  all public resources used
[25] partments  hedth profes-
sional staff
working in
the local
hedlth depart-
ments, age
N/A
Kirchberg Ger- Crosssec- N/A 93 physi- Level of knowledge of Questionnaire (mobile
eta [34] many tiona cians; 37 eHealth apps and data phone use, 4 items;
(40%) aged  safety; mobile phone purpose of mobile
between 30  use; attitude toward phoneuse, 9items, lev-
and 45 years (evaluation) medical el of knowledge of

eHealth apps and data
safety, 9 items, evalua-
tion of medical appsfor
physician use, list of 6
apps for patients and 5
apps for physicians,
evaluation of impor-
tance of medical app
characteristics, 7 items;
evaluation of impor-
tance of privately used
app characteristics, 7
items)
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Study typeand Country Study de- Setting(s) Sampleand Competenciesassessed Definition provided of the  Tools/data collection
reference sign profession; competencies assessed method(s) and items
age
Kleibband Canada Crosssec- Acutecare, 2844 nurses Use of patient care Developed framework o Useof patient care
Nagle [26] tional communi- (generalist  technology; self-per- technology (1

ty, other registered ceived informatics item)

Settings nursesand  competencies (founda- o  Sef-perceived in-
registered tional ICT skills, infor- formatics compe-
psychiatric  mation and knowledge tencies: Canadian
nurses); management, profes- Nurse Informatics
1257 (44%) siond and regulatory Competence As-
aged =50 accountability, and use sessment Scale (21
years of ICT in delivery of items)

patient care)
Kocher et Switzer- Explana University 47 profes- eHealth literacy (ac- « eHedthliteracy: “peo- Questionnaire based on
a [27] land tory se- hospital, re- sonds(regiss  cess, understand, ap- ple'sknowledge, moti- previously validated in-
quential  gional hos- tered nurses, praise, apply) vation and competence  struments (access, 6
mixed pital, physiothera- to ‘access’, ‘under- items; understand and
method  rheumatolo-  pists, stand’, ‘appraise’ and  appraise, 5items; ap-
gy outpa  rheumatolo- ‘apply’ hedthinforma- ply, 9 items)
tientclinics  gists, occupar tion from electronic
tional thera- sources to address or
pists, ad- solve a health prob-
vanced prac- lem”
tice nurses, « Access: “the ability to
general prac- seek, find and obtain
titioners, health information”
psycholo- «  Understand: “the abili-
gists, social ty to comprehend infor-
workers, mation”
health poli- o Appraise: “interpret
cy); median and evaluate informa-
age41 (IQR tion”
31-51) years « Apply: “the ability to
use health information
to makeinformed deci-
sions’ (source: “Back-
ground” section)
Kujdaeta Finland Crosssec- Public 701 HCPs Self-perceived eHealth  eHealth competence: “A Questionnaire (self-per-
[28] tiona hedlthorga- (nurses, so-  competencies; actual broad set of skillsemploying ceived eHealth compe-
nization cial workers, patient guidancebehav- ICT and eHeslth services,  tencies, 9 items; actual
physicians, iors information management,  patient guidance behav-
dentists, multi-channel health coach- iors, 4 items)
ward secre- ing, patient communication,
taries, phys- development and implemen-
iotherapists tation” (source: “Back-
and other ground” section)
therapists,
instrument
or facility
care person-
nel, health
administra-
tionworkers,
psycholo-
gists); mean
44.1(SD
11.9) years
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Study typeand Country Study de- Setting(s) Sampleand Competenciesassessed Definition provided of the  Tools/data collection
reference sign profession; competencies assessed method(s) and items
age
MacLure  Scot- Crosssec- Communi- 94 partici- Self-reported digital lit- The British Computer Soci-  Self-reported digital lit-
and Stew- land tiona ty and hos- pants (phar-  eracy ety definesdigital literacy  eracy (1item)
art [29] pital phar- macists, as “Being able to make use
macies reregistra- of technologiesto partici-
tion pharma- pate in and contribute to
cy graduates, modern social, cultural, po-
pharmacy litical and economiclife”. A
technicians, similar definition of digital
dispensing literacy is adopted in the
assistants, United States: “the ability to
medicine useinformation and commu-
counter assis- nication technologies to
tants); 34 find, evaluate, create, and
(36.2%) communicate information;
aged <29 it requires both technical and
years cognitive skills” (source:
“Background” section)
Polhamus  United Crosssec- N/A 36 maternal  Beliefsinthevalueof  Beliefsin the value of tech- Questionnaire (beliefs,
et a [30] States  tiona and child and confidenceinusing nology: “theextent towhich 3 items; confidence, 3
hedthprofes-  technology they agreed with a set of items)
sionals; 82% guestions about the value of
aged 240 a specific technology skill”
years (source: “Methods” section)
Thomas England Crosssec- Mixed set- 386 pharma-  Confidencein basic N/A Questionnaire (16
and Rutter tiona tings cists, 83 computer skillsand use items)
[31] (21.5%) of key software applica-
aged be- tions
tween 50
and 59 years
van The Crosssec- Hospitals 1017 regiss  Confidence in their N/A Questionnaire (31
Houwelin-  Nether- tiona tered nurses; telehealth knowledge, items)
genetd lands median age  skills, and attitudes
[32] 41 (IQR 30-
53) years
Zayaprages  India Crosssec- Teaching 120 Health  Using computer ability; N/A AKAS questionnaire
sarazan tional hospitals ~ professional  awareness, knowledge, [27] (awareness, 12
and Kumar faculty attitude, and computer items; knowledge, 11
[33] working; 57 skills about items; attitude, 11
(40%) aged telemedicine items; information
between 30 technology and comput-
and 40 years er skills, 13 items)

3HCP: health care professional.

BN/A: not available.

CeHEALS: eHealth Literacy Scale.

dAKAS: Awareness, Knowledge, Attitude, Skills.
CUTAUT: Unified Theory of Acceptance and Use of Technology.
fICT: information and communi cations technol ogy.

https://www.jmir.org/2022/8/e36414 JMed Internet Res 2022 | vol. 24 | iss. 8 [e36414 | p.197

(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 2. Characteristics of included randomized controlled trial studies.
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Reference Country Study design  Setting Sample and pro-  Competence(s) assessed and Intervention Tools/datacollec-
fession; age definitions tion method(s)
Jouparingjad  Iran Interventional Hospitals 60 nurses; 26 o Nursinginformaticscompe- Three-day Questionnaires:
et d [49] study (43.3%) aged be- tencies: Compuiter literacy: workshop with  Adapted Nursing
tween 30 and 40 “The psychomotor skillsto theory and prac-  Informatics Com-
years use computer tools, and ticetodevelop  petence Assess-
knowledge of basichard-  nursinginfor-  ment Tool (30
ware and softwarefunction- matics compe-  items): computer
ality” tencies literacy (10
« Informaticsliteracy: “Nurs- items), informat-
es abhilities to recognize, icsliteracy (13

Mastelloseta Malawi
[48]

Randomized  Community
controlledtrial

40 community
health profession-
als; 23/39 (49%)
aged 240 years

retrieve, evaluate and use
information for patient care
appropriately”

Information management
skills: “apply the datato
support clinical decisions,
documentation, dataintegri-
ty, confidentiality and secu-
rity” (source: “Methods’
section)

items), informa-
tion management
skills (7 items)

*  Self-rated ICT?knowledge; 3-Weekblended  Questionnairein-
attitudestoward using com-  earning “Intro- - cluding 10 items
puters, tablets, and smart-  ductionto ICT  to assess self-rat-
phones and eHealth” ed ICT knowl-

course(interven-  edge, and 10
tion) versustra-  itemsto assessat-
ditional course titudes

(control) on
same contents

4 CT: information and communications technol ogy.

Quality Assessment

The methodological quality was high in 5 analytica
cross-sectional studies|[35,39,42,46,47] (out of 12; Multimedia
Appendix 3), in 1 prevalence study [26] (out of 11; Multimedia
Appendix 4), and in 1 randomized control trial study [48] (out
of 2; Multimedia Appendix 5). A total of 3 cross-sectional
[38,41,43] and 7 preval ence studies [ 24,25,28-30,33,34] reported
a low methodological quality. Among the former, no
confounding factorswere identified. By contrast, for all studies,
the “Not applicable’ option was assigned to the item regarding
the use of “objective, standard criteria used for measurement
of the condition.” Among the prevalence data studies, the most
unclear item (10/11 studies) was regarding the adequacy of the
sample size. By contrast, the item most often scored as “No”
(5/11 studies) was the sample description.

Digital Health Competencies I nvestigated

Asmany as 13/26 studies[27-30,35-38,42,44,46,47,49] reported
the definitions of the concept assessed, which were retrieved
from the “Methods’ section in 8 studies [30,35,37,42,44,
46,47,49).

As summarized in Table 3, “Self-rated competencies’ were
assessed with 140 items grouped into 4 subcategories. “Digital
literacy” emerged asthefirst subcategory in terms of frequency
(59 items, 14 studies) and included items used to assess the
self-perceived level of competencein using technology without
a specific health goal (eg, in using tablets and mobile phones

https://www.jmir.org/2022/8/e36414

[43], apps [24], the internet [48], digital cameras [43], and
computer literacy [45]). The second was the “ eHealth literacy”
subcategory, which included the 40 items provided by the 8-item
eHealth Literacy Scale (EHEALS) [15] adopted by 5 studies
[35,39,42,44,45]. Then, “Patient-oriented competencies’ (21
items, 4 studies) included items aimed at assessing the ability,
for example, to train and advise patients about technology [32],
suitable websites [44], and apps [27], to create confidentiality,
to maintain an ethical attitude and convey empathy through
videoconferencing [28,32], and to assess the needs of patients
regarding telehealth [32]. Lastly, the “Process of care-oriented
competencies’ subcategory (20items, 11 studies) included those
items assessing thelevel of competencein retrieving, evaluating,
and applying online information, as well as in using eHealth
tools to inform the decision-making process in patient care
[26,47,49].

The second category, “Psychological and emotional aspects
toward digital technologies,” was assessed with 110 items by
18 studies. The first subcategory, “Attitudes and beliefs’ (82
items, 14 studies), included items assessing attitudes regarding
the perceived benefits of the care delivered to and for patients
(eg, quality of care and opportunity for self-care[46]); thework
benefits perceived (eg, saving [41] and easy accessto data[28]);
the complexity [43]; the importance, value [28,30], and the
feasibility in work [43] of using digital technologies and
telemedicine [33,37]. Then, in the second subcategory,
“Confidence” (21 items, 6 studies), most items were aimed at
assessing the confidence in performing specific activities such

JMed Internet Res 2022 | vol. 24 | iss. 8 [e36414 | p.198
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

as “searching the internet” [31] or “monitoring the patients
health datausing mobile apps’ [46]. Finally, inthe “Awareness’
subcategory (7 studies, 4 items), items assessing the general
level of awareness of telemedicine or health information
resources and awareness meant as observability were included
(eg, to abserve the high use of information and communication
technology in the workplace [43]).

Thethird category, “Use of digital technologies’ (98 items, 13
studies), included the subcategory “General use of digital
technologies’ (51 items, 9 studies), which was adopted to
investigate the extent to which health care professional s applied
the digital technologies in general, for example, the use of

Table 3. Investigated areas of digital health competencies.

Longhini et a

computers, printers, the internet, email, and the “ Use of digital
technologies for specific functions’ (47 items, 7 studies) for
investigating specific functions as, for example, in documenting
care [41], communicating with patients [40], or for research
purposes [45].

Lastly, the fourth category, “Knowledge about digital
technologies’ (14 items, 5 studies), included items aimed at
assessing knowledge regarding, for example, telemedicine[37],
technical aspects[34], data protection and privacy requirements
[32], security, and appropriateness of communication application
(eg, WhatsA pp, medCrowd) [34].

Category and subcategories Item examples and references Items, n Studies, n
(n=362)
Self-rated competencies 140 19
Digital literacy «  Self-rated level of computer skill on the application PowerPoint [43] 59 14
« Leve of skillsin using body scanner [43]
eHealth literacy *  8item eHEALS tool [15] 40 5
Patient-oriented competencies « “Can put patients at ease when they feel insecure about using technology?’ 21 4
[32]
« “Doyou recommend apps to your patients that support them in a healthy
lifestyle?’ [28]
Process of care-oriented competen- «  “Can combine my nursing knowledge and experience effectively whenusing 20 11
cies telehealth technology and decision-making” [32]
« “lamabletorecognize (at adistance) the needs of the patient and determine
the care situation” [32]
Psychological and emotional aspects 110 18
toward the use of digital technologies
Attitudes and Beliefs *  “I believethat using ICT® is cumbersome’ [43] 82 14
o “Using ICT iscompatible with all aspects of my work” [43]
« “Beabetter caregiver by using information technology” [41]
Confidence « “l believel would be ableto use acomputer or mobile app to provide patient 21 6
care” [48]
«  “Confidence using the Internet logging on” [31]
Awareness «  “Awareness of telemedicine” [37] 7 4
« “ICTisvery visiblein the hospital where | work” [43]
Use of digital technologies 98 13
General use of digital technologies «  “Do you use and own amaobile phone?’ [34] 51 9
« “If you usetheinternet, how frequently do you useit?’ [44]
Use of digital technologiesfor spe- «  “Do you use the Internet regularly for medical/professional updates?’ [44] 47 7
cific functions « Using acomputer for aspecific clinical task: “Access online patient educa-
tional materials’ [40]
Knowledge about digital technologies «  “Isit appropriate to use common email for professional communicationin 14 5

health systems?’ [34]

« “Doyouthink alegal obligation for external certification of medical appsis

required?’ [34]

%HEALS: eHedlth Literacy Scale.
BICT: information and communications technol ogy.
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Tools Used to Assess Digital Health Competencies

In 9/26 studies [26,35-39,42,44,45], previously developed and
validated tools were adopted to self-assess the competencies,
with 5 studies [35,39,42,44,45] reporting the use of the
eHEALS tool [15], while the remaining used the
Gassart/McDowell Computer Literacy Survey [38], the Canadian
Nurse Informatics Competency Assessment Scale [26], the
Awareness, Knowledge, Attitude, Skills tool [37], the
Multicomponent Assessment of Computer Literacy, and the
Pre-test for Attitudes Towards Computers in Healthcare
Assessment tools [36]. The authors of the other studies
developed ad hoc questionnaires, using 1 (eg, [32]) or multiple
(eg, [49]) questionnaires with the number of items ranging from
1[29] to 47 [33], mainly including several general dimensions
(eg, Awareness, Self-efficacy, Attitudes) [32,33]. In most
studies, tools were described in detail by reporting the
dimensions of competencies under evaluation and the number
of items; only in a few studies was the description poor (eg,
[25]; Tables 1 and 2).

Discussion

The discussion has been devel oped under 2 main lines: around
the principal findings emerged and the comparison of evidence
emerged with available studies, by including in each the future
directions recommended for both practice and research in this
field.

Principal Findings

Despite the increased relevance of digital health competencies
among health care professionals [50], in the last 20 years, only
a few studies have been published, slightly more than 1 per
year, with an increase in the last 5 years. Moreover, although
there is an urgent need to equip health care professionals with
appropriate competencies given the progressive digitalization
[1], most studies available to date are cross sectional or
prevalence in design and only 2 are experimental studies. In
addition, a few studies have been conducted with high
methodological quality, suggesting improvements in this
research field.

Studies available have been conducted in devel oped (eg, United
States, Europe) and developing (eg, Uganda) countries where
different health digital transformations are in place. Therefore,
our findings may help policymakers and educators to set
competencies according to the stage of digitalization experienced
regarding the infrastructures available. However, roughly half
of the studies have been focused on hospitals, whereas the
community settings and districts have been involved to alesser
extent despite their increased need to implement digitalization
with competent health care professionals to address emerging
inequalities and issuesin terms of health care accessibility [51].
Moreover, studies have more often involved nurses, doctors, or
mixed samples of health care professionals, suggesting that all
health care profiles have been involved to date, abeit to a
limited extend for some (eg, physiotherapists [8]). Given the
progressive and expansive permeation of digitalization in the
health care sector, all health care professionals should be
involved in the assessment of digital health competenciesaimed
at tailloring educational strategies. Meriting attention is the
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variable age of participants involved in the studies, from new
graduatesto mature health care professional s closeto retirement.
The new generations, also called the“digital native generation”
[52], have more attitudes toward digitalization [53], and this
suggests the need to deepen this area of study by investigating
in future studies specific digital health competencies, despite
including other elements such as attitudes (eg, using acomputer)
that might be relevant only among mature health care
professionals.

At the overal level, only haf of the studies
[27-30,35-38,42,44,46,47,49] reported the definitions of the
competencies assessed, and these have been reported mainly in
the “Methods” and “Background” sections.

Thisfinding suggeststhat future studies should be strengthened
in their conceptualization and grounded in their development
on clear conceptual frameworks and definitions.

Four main categories of investigated areas regarding digital
health competencies have emerged, along with 9 subcategories.
The area most investigated to date is self-rated competencies,
in line with available literature [4,9,10]. In particul ar, this area
includes, among the others, competencies aimed at solving
patients health or care plan issues. This point suggests an
interest among the scientific community in investigating these
competenciesfrom innovative perspectives. Training, advising,
and supporting patients in the appropriate and confident use of
technologies and information retrieved from different ICTs,
social media, and internet sources are crucia [54], as aso
underlined by the framework recently developed by a
consortium of multiple European countries [14]. The interest
ininvestigating psychological and emotional aspects of the use
of digital technologies has grown increasingly over the years,
being assessed in 18 studies. The perceived usefulness for
smoothing the care processes, improving its quality and patient
satisfaction, and understanding health conditions and the
adherence to treatments are crucial elements. Attitudes,
acceptance, and confidence [8,12] in using digital technologies,
such as electronic prescriptions, remote monitoring, and
electronic databases, have demonstrated a positive effect on
care processes and patients' outcomes [2].

A limited number of studies have investigated the use of and
theknowledge regarding digital technologies. However, areview
of frameworks on digital health competence identified these
topics in almost 60% of them [5], suggesting an evident need
to promote the awareness of these issues in future research,
given the increasing threats to data safety from illegal hacking
[55].

A lack of validated toolsto measure digital health competencies
has emerged. One-third of studies have used a validated tool,
the eHEALS of Norman and Skinner [15], athough it was
developed for patients, thus requiring a specific validation
process and adaptation in the field of health care professionals.
Moreover, a propensity to develop ad hoc instruments rather
than using those already validated has emerged. The reasons
for thismay rely on the limitations perceived by those available,
as well as the rapid evolution of digital technologies and
instruments that may require a continuous updating of the
competenciesto assess. Moreover, in al studies, thetoolswere
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intended to assess the perceptions of health care professions
rather than measuring their digital health competencies
objectively. Self-rated competencies might be useful while
educational needs are investigated; however, the actual
performance requires obj ective measurement systemsthat should
be developed in thisfield.

Comparison With Prior Work

Comparing the categories of competencies emerged in available
studies with frameworks established in this field might inform
the future directions in both educational practice and research.
At the overall level, similarities and divergences emerged. The
most common competence between previous frameworks[5,7]
and that emerged in our study included the technical skillsand
the ability to manage and understand information retrieved from
technol ogy, including theinternet. Psychological and emotional
aspects were also highly investigated [4,10,12,14] among the
studies included in this review in line with Norgaard and
colleagues [7] eHLF for eHealth users. The engagement, the
ability to take responsibility, the perception of feeling safe, and
motivation were part of the framework as elements expressing
theinteraction between the person and the system [7]. Therefore,
a debate on how these aspects may influence the digital health
competence among health care professionals as well as how to
transform them into professional competenciesto evaluate merits
further consideration.

A recent review indicated that most interventions that aimed to
improve the digita health competencies of heath care
professionals focused on the capability rather than motivation
in using eHealth [56]. Interventions promoting digital health
competencies should also consider social and environmental
factors, foreseeing participatory approaches, to bolster also the
emotional and psychological factors toward the use of
technology [56]. On the other side, discrepancies emerged
regarding teaching, self-development, and learning abilities
[12]. The National Health Service (NHS) framework on digital
capability [12] embeds domains regarding the abilities, for
example, to use digital technologies for personal learning and
teaching others[12]. No similar elementsemerged in our review.
Therefore, future research should focus on the measurement of
competencies regarding those aspects, while also considering
increased use of blended learning and massive online open
courses in continuing education [57].

As highlighted by a previous review [56], we aso found that
the competenciesinvestigated are still mainly focused on health
care professionals’ perspectives. However, increased attention
is required when considering the competencies to assess
patients needs, attitudes, barriers, facilitators, and potential
benefits of being trained by health care professionalsin the safe
and appropriate use of technology and electronic information
for health issues [47]. Therefore, from a self-perceived
competence assessment mainly concerning generd issues, efforts
should now be addressed at devel oping patient-centered digital
health care assessment tools capable of detecting all specific
competencies involved in the entire process.
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Strengthsand Limitations

This systematic review has several limitations. First, despite
the accuracy of the process preventing the risk of publication
bias by screening 4 databases and the reference lists of the
included studies, aswell asthetria registries[58], some studies
may have been missed given that we adopted the English
language filter and gray literature has not been searched.

Second, we adopted “digital health competencies’ as an
umbrella term to refer to al concepts that emerged from the
literature. Although the use of all possible terms (eg, “digital
health literacy”) in the search string and the inclusion process
might have ensured inclusiveness, the summary provided under
the same umbrellaterm might have introduced somelimitations.
Different aspects of digital heath competencies, such as
confidence, self-efficacy, attitude, and beliefs regarding digital
technologies, have been considered relevant as affecting their
use and appropriate adoption in the health care sector. Therefore,
weincluded these elements as part of the umbrellaterm “ digital
health competencies,” relying on the previous frameworks
including them [6,7]. This process has been considered a
strength of this review because of the consideration of the full
range of competencies as assessed in available studies. Third,
previous frameworks [5] mainly focused on the categorization
according to technical skills or functions (eg, saf ety management
or care coordination); the content analysis [22,23] performed
allowedtoinclude all competencies as documented in retrieved
studies, not limiting them to just skillsand behaviors. Therefore,
we vaued aso self-concepts, values, personal traits, and
motivation (eg, [43]) to map al factors involved. However, the
content analysis conducted to categorize the competencies that
emerged from included studies was performed by researchers
with different backgrounds (eg, nursing, physiotherapy).
Although carefully conducted and its reliability assessed with
the interreliability rate, their interpretations might have
influenced thefinal categorizations. Lastly, we have synthesi zed
studies originating from different countries, thus differencesin
health care digitalization might affect the generalizability of the
conclusion drawn on future directions for research and training
of health care professionals. These should be targeted and
adapted according to the characteristic of the countries by
training health care professionals based on the technologies
available at alocal level.

Conclusion

Digital health competence among health care professionalsis
a new field of research that exploded in the last 5 years.
However, studies conducted to date are mainly descriptive and
have some methodological quality issues, suggesting lines of
improvement. Moreover, with theincreased decentralization of
the health care sector, more studies are required in community
settings, involving awide range of health care professionals to
assess the differences and commonalities in the competencies
possessed and tail or specific educational strategies. Furthermore,
with the increased size of the digital native generation among
health careworkers, specific digital health competenciesinstead
of general ones should be investigated.

The different areas of competencies investigated to date might
be considered while designing curricula for undergraduate,
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postgraduate, and continuing education processes. From the
perspective of researchers, these competencies may drive the
development of competence assessment tools, given the lack
of validated instrumentsin thisfield, identifying more objective
measures in addition to those based on self-perception.
Furthermore, researchers should consider moving attention from
the self-rated technical competencies to those embodying a
patient-centered digital health care approach and related aspects
that might affect the use of digital technologies.

Longhini et a

In future frameworks and measurement tools, digital health
competencies should be considered as a multicomponent
competence, not limited to the technical skill, but rather
expanded toward el ementsthat might affect them. Asour review
showed, confidence, attitudes, beliefs, and awareness have been
studied with increasing interest, suggesting the need to explore
the relationships between different elements and understand
how to train health care professionals properly. Curricula
embedding the development of technical skills, knowledge, and
psychological and emotional aspects of digital technology are
recommended.
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Abstract

Background: Promoting health behaviors and preventing chronic diseases through a healthy lifestyle among those with alow
socioeconomic status (SES) remain major challenges. eHealth interventions are a promising approach to change unhealthy
behaviorsin this target group.

Objective: Thisreview aimsto identify key components, barriers, and facilitators in the development, reach, use, evaluation,
and implementation of eHealth lifestyleinterventionsfor peoplewith alow SES. Thisreview provides an overview for researchers
and eHealth devel opers, and can assist in the development of eHealth interventions for people with alow SES.

Methods: We performed a scoping review based on Arksey and O'Malley’s framework. A systematic search was conducted
on PubMed, MEDLINE (Ovid), Embase, Web of Science, and the Cochrane Library, using terms related to a combination of the
following key constructs: eHealth, lifestyle, low SES, development, reach, use, evaluation, and implementation. There were no
restrictions on the date of publication for articles retrieved upon searching the databases.

Results: The search identified 1323 studies, of which 42 met our inclusion criteria. An update of the search led to the inclusion
of 17 additional studies. eHealth lifestyleinterventionsfor peoplewith alow SES were often delivered viainternet-based methods
(eg, websites, email, Facebook, and smartphone apps) and offline methods, such as texting. A minority of the interventions
combined eHealth lifestyle interventions with face-to-face or telephone coaching, or wearables (blended care). We identified the
use of different behavioral components (eg, social support) and technological components (eg, multimedia) in eHedlth lifestyle
interventions. Facilitators in the development included iterative design, working with different disciplines, and resonating
intervention content with users. Facilitatorsfor intervention reach were use of apersonal approach and socia network, reminders,
and self-monitoring. Nevertheless, barriers, such astechnological challenges for developers and limited financial resources, may
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hinder intervention development. Furthermore, passive recruitment was a barrier to intervention reach. Technical difficulties and
the use of self-monitoring devices were common barriers for users of eHealth interventions. Only limited data on barriers and
facilitators for intervention implementation and evaluation were available.

Conclusions. Whilewefound large variations among studies regarding key intervention components, and barriers and facilitators,
certain factors may be beneficial in building and using eHealth interventions and reaching people with alow SES. Barriers and
facilitators offer promising elements that eHealth devel opers can use as a toolbox to connect eHealth with low SES individuals.
Our findings suggest that one-size-fits-all eHealth interventions may be less suitable for people with alow SES. Future research
should investigate how to customize eHealth lifestyle interventions to meet the needs of different low SES groups, and should

identify the components that enhance their reach, use, and effectiveness.

(J Med Internet Res 2022;24(8):€34229) doi:10.2196/34229

KEYWORDS

eHealth; lifestyle interventions; health behaviors; low socioeconomic status; intervention development; barriers; facilitators,

prevention; intervention evaluation

Introduction

Chronic diseases, such as cardiovascular disease and type 2
diabetes, accounted for 74% of deaths globally in 2019 [1].
These diseases are often preventable and treatable. Adopting a
healthy lifestyle, such assmoking cessation, increased physical
activity, a balanced diet, and decreased alcohol consumption,
can reduce the risk of developing a chronic disease [2].
Traditional lifestyle interventions have been shown to be
effective in helping people adopt a healthy lifestyle [3,4].
However, these interventions mostly focus on the genera
population and often disregard vulnerable groups, such asthose
with a low socioeconomic status (SES; people with a low
income or low education, or who are from deprived
neighborhoods). Thereis firm evidence that people with alow
SES often engage in morerisky lifestyle behaviors and have an
increased risk for various chronic diseases and premature death
than those with a high SES [2,5-7]. Health inequalities for low
SES are associated with a reduced life expectancy of 5 to 10
years and a reduced disability-free life expectancy of 10 to 20
years [8]. Furthermore, it seems that low income and poverty
are more often associated with poorer mental health [9,10]. A
systematic review by Bull et a [11] found that when lifestyle
interventions focus on people with a low SES, most result in
small and variable effects [11]. These findings may be due to
designers not tailoring lifestyle interventions specifically to
people with alow SES or not taking into account their specific
characteristicsand needs[12,13]. For instance, compared to the
general population, individualswith alow SESliving in poverty
may focus more on coping with their current stressful everyday
life (ie, money-related stress and unfavorable work
environment). These stressors can lead to choosing unhealthy
coping strategies, such as tobacco smoking [14], which could
be detrimental to long-term health [14]. These challenges call
for a different approach to help this priority group adopt and
maintain a healthy lifestyle.

eHealth interventions could proactively support people with a
low SES to adopt lifestyle changes [15]. The use of the latest
information and communi cation technol ogies, such aswebsites,
smartphones, email, text messaging, tablets, and smartwatches
[16], offers health professionals and researchers more options
to tailor intervention content to the specific needs and

https://www.jmir.org/2022/8/€34229

characteristics of the user [17]. Furthermore, eHedlth
interventions can provide users with theinformation, skills, and
resources needed for a positive lifestyle change efficiently and
interactively [18]. Health practitioners can reach diverse
populations more easily with these interventions than with
traditional interventions [18]. eHealth interventions can be
supported by video or audio and delivered in an accessible
manner to patients for use in their own time and home
environment [19]. However, current eHealth interventions
require usersto have good digital skillsand ahigh literacy level,
which are often lacking in low SES groups. Moreover, such
interventions must consider their different life situations, health
care needs, and eHealth expectations [20]. When eHealth
interventions do not consider the needs of this target group,
intervention uptake can hinder and reinforce the inequitable use
of eHealth, exacerbating health inequalities [21,22].

Studies have shown promising resultsfor eHealth among people
with a low SES [23]. For instance, Brown et al [23] showed
that their eHealth lifestyleintervention for low SESindividuals
yielded small but significant changes in behavior. Hayba et a
[24] suggested that even modestly effective interventions,
sustainably deployed to target vulnerable groups (eg, low SES
groups), would add value to the field of public health. Even
though there is agrowing body of research on eHealth lifestyle
interventionsfor thisvulnerable group, thereisalack of insight
into how eHealth interventions are currently developed, used,
and implemented for people with a low SES. Recently, there
has been an increased focus on the specific needs and
characteristics of low SES groups to bridge this digital divide.
For example, the World Headth Organization's digital
intervention guidelines for eHealth usage to improve patient
care devoted special attention to the needs, preferences, and
circumstances of vulnerable groups, such as people with low
(digital) literacy skills [25]. However, current guidelines fall
short for researchers and developers who want to develop
eHeadlth lifestyle interventions tailored to people with a low
SES. Therefore, thisscoping review aimsto identify intervention
components, barriers, and facilitatorsin the devel opment, reach,
use, evaluation, and implementation of existing eHealth lifestyle
interventions for low SES populations.
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Methods

Scoping Review M ethodology

We conducted a systematic scoping review from June to
September 2019. In July 2021, we updated the search following
the same procedures. There were no restrictions on the date of
publication for articles retrieved upon searching the databases.
Since the research area of eHedlth lifestyle interventions for
low SES groupsis till in itsinfancy, a scoping review method
was chosen because it is an appropriate methodology to map
key concepts and identify knowledge gaps. A scoping review
also offers the opportunity to review published literature with
different methodological designs. It further examines the
existing literature concerning the volume, nature, and
characteristics of the primary research [26]. We used Arksey
and O’ Malley’s methodological framework as a guide for the
review [26].

Search Strategy and Eligibility Criteria

We defined the following 5 categories based on 2 frameworks
used for the development process of eHealth interventions:
development, reach, use, evaluation, and implementation
[27,28]. Thefirst framework isthe Center for eHealth Research
(CeHRes) roadmap, a framework for eHealth development,

Textbox 1. Inclusion and exclusion criteria for selecting the studies.

Al-Dhahir et a

implementation, and eval uation that combines and uses aspects
from approaches like human-centered design, persuasive
technology, and business modeling [27]. The second framework
is RE-AIM (reach, effectiveness, adoption, implementation,
and maintenance), which describes the stages in intervention
development and implementation [28]. The categories
development, use, and evaluation were derived from the CeHRes
roadmap, and the categories reach and implementation were
derived from the RE-AIM framework.

After we defined the scope of the review, we devel oped asearch
strategy together with an experienced librarian and domain
experts (Multimedia Appendix 1). We searched PubMed,
MEDLINE (Ovid), Embase, Web of Science, and the Cochrane
Library, using a combination of the following key constructs:
eHealth, lifestyle (physical activity, nutrition, alcohol, smoking,
and sleep), low SES, and development, reach, use, evaluation,
and implementation. The definitions of these key constructsare
provided in Multimedia Appendix 2. These databases were
chosen because they cover awide range of scientific articleson
eHealth. For each construct, several keywords (spelling
variations and synonyms) were used. Exclusion and inclusion
criteria were defined based on relevant literature and in
consultation with domain experts, after which relevant studies
were selected (Textbox 1).

Inclusion criteria

«  Description of an eHealth/web-based intervention or mHealth/telemedicine intervention

«  Definition of socioeconomic status (SES) as the position of an individual on a socioeconomic scale that measures factors by a single variable,
such as education, income, or neighborhood status, or multiple variables

« Focuson at least one lifestyle component (physical activity, diet, acohol, smoking, sleep, or overweight)

«  Targeting of alow SES population (>18 years of age)

«  Presentation of information on development, use, reach, evaluation, or implementation

«  Publication of full text in English
«  Any study type (included study protocols)

Exclusion criteria

«  Measurement of SES using other variables (eg, race and ethnicity)

«  Conference abstracts and reviews presenting filtered information, such as systematic reviews, scoping reviews, and narrative reviews

Data Extraction and Analysis

Theé€ligibility criteriawere used to review the articles. Initialy,
IA screened the titles and abstracts for the first selection of
articles. Then, IA checked the bibliographic reference lists of
publications that remained after full-text selection to identify
any additional €ligible publications. Any doubt about the
included studies was discussed with the other authors. We
extracted general study characteristics (eg, the year of
publication and country), and details on SES, effectiveness,
development, reach, use, evaluation, and implementation. Data
were extracted as barriers or facilitators if they were related to
the development, reach, use, evaluation, or implementation
phases of theintervention and they wereidentified or mentioned
as facilitators or barriers by the included studies. Even if the

https://www.jmir.org/2022/8/€34229

barriers and facilitators were mentioned in one of the included
studies, they were eligible for inclusion. If there were
uncertainties concerning under which phase the barriers and
facilitators fell, they were discussed with the other authors.

Furthermore, we selected additional categories based on the
CONSORT-EHEALTH checklist (V1.6), which provides hel pful
guidance on what eHealth studies should report [29]. These
added categories were the (behavioral) theories or models used
to develop and evaluate an eHealth intervention. The categories
also included thelevel of human involvement in theintervention
(eg, automated or human guidance) during the development,
evaluation, and implementation (eg, health professionals and
researchers).

JMed Internet Res 2022 | vol. 24 | iss. 8 [e34229 | p.208
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

The selected articles were mapped, and data were recorded in
Microsoft Excel (Multimedia Appendix 3). Data were
synthesized narratively, and the findings were then summarized
and grouped into themes as defined by the authors.

Figure 1. Flow diagram of the article selection process.

Al-Dhahir et a

Results

Study Selection

The systematic search across the databases revealed 2083
potentially relevant citations. After removing duplicates (n=765)
and screening 1323 titles and abstracts, 72 full-text articleswere
screened for digibility. Of these, 42 articles met the eligibility
criteriaand wereincluded in thisreview (Figure 1). The updated
search led to 17 articles that wereincluded in this review.
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Description of the Included Studies

The studiesincluded were randomized controlled trials (RCTS)
[23,30-40], observational studies [41-56], and design studies
[57-77]. Severa RCTs and observational studies evaluated
eHealth interventions on health outcomes (eg, BMI, blood
pressure, and hemoglobin A;.) [30, 34, 35-37, 40, 43, 45, 47,
48, 53, 78], nutrition-rel ated behavior outcomes[32, 38, 39, 79,
80], physica activity—related outcomes, smoking-related
outcomes[23,31,46,51,81,82], usage outcomes [ 33,49,54], and
reach [44], as well as feasibility and acceptability outcomes
[47,80] (Multimedia Appendix 3). Design studies examined
recruitment [57], usability, feasibility [57-65], devel opment, or
acceptability of eHealth interventions [58-60,64,65,67,68,70].
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The interventions were aimed at weight loss (n=9), physical
activity (n=9), healthy eating (n=11), smoking (n=13), and
alcohol use (n=2), and 17 interventions focused on multiple
behaviors. Thetarget audience of theseinterventionswasmainly
low SES participants; several studies also targeted a highly
educated population [31-33,36,44,53,82].

The different studies assessed the education level
[23,30-33,36,40,44,46,53-55,78,82], occupation [23,67], or
incomelevel of the participants[43,45,48,51,73,74]. In addition,
the participants were recruited from a low SES neighborhood
(residents who were unemployed, had a low education, or had
a financial disadvantage) [60,64]. A summary of the study
characteristicsis presented in Table 1.
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Table 1. Summary of the study characteristics (N=59).
First author, year Study design Target population Type of eHealth technology
Aguilera[83], 2020 Protocol Low income® App (and SM S text messaging)
Aldoory [71], 2016 Design Low income SMSS text messaging
Athavale[72], 2016 Design (part of RCTP) Low income® Web-based
Atkinson [66], 2009 Design Low income Web-based
Bond [65], 2021 Design L ow income® Web-based and SM Stext messaging
Brown [23], 2014 RCT Low SES® Web-based
Griffin [48], 2020 Observational Low income SMS text messaging

Brunette [81], 2015
Burner [80], 2020

Carolan-Olah [64], 2021
Cavallo [47], 2021
Lepore [49], 2021
Stanczyk [31], 2013
Clarke[39], 2019

van Dijk [84], 2021
Brown [46], 2012

Evans[62], 2019
Flaherty [67], 2020

Delrahim-Howlett [38], 2011
Fontil [61], 2016
Garvin [73], 2019
Golsteijn [85], 2017
Foley [37], 2016
Greene [54], 2021
Cavallo [45], 2016
Tagai [50], 2020
Golsteijn [36], 2017
Griffin [43], 2018
Kim [86], 2018

Kothari [68], 2020
Leak [63], 2014

Kendzor [51], 2020

van Dongen [44], 2012
Lohse[52], 2013

Mayberry [74], 2016
Michie[55], 2012
Neuenschwander [79], 2013
Pathak [75], 2021

Patten [87], 2019

Quasiexperimental
Quasiexperimental
Design
Observational
Observational (part of RCT)
RCT

RCT

Protocol
Observational
Design

Design

RCT

Design

Design

Protocol

RCT

Observational (secondary data analysis)

Observational
Observational

RCT

Observational
Nonrandomized design
Design

Design

Observational
Observational
Observational

Design

Design and observational
Block equivalence randomized trial
Design

Nonrandomized design

Socioeconomically di sadvantagedd

Low income®
Low SES neighborhoods

Low income

Low income®
Low, middle, and high education

Low income
Low SES?

Low SES®

Low income

Low SES®

Low income

Low income

Low income

Low, middle, and high education
Socioeconomically disadvantaged
Low and middle educated

Low income

Low income

Low, middle, and high education

Low income
Low income®
Low income®

Low income®

Low income

Low, middle, and high education
Low income

Low income

Low SES

Low income

Low income®

Low income

Web-based (single session)
SMSS text messaging
Web-based

Socia media

App

Web-based

App

Web-based on smartphone
Web-based

App

App

Web-based

Web-based

App

Web-based

SMS text messaging

App

Web-based and social media
SMSS text messaging
Web-based

SMSS text messaging
Web-based

App

Socia media

App

Web-based (email)

Socia media

SMS text messaging
Web-based

Web-based

App (and SM S text messaging)

SMSS text messaging

https://www.jmir.org/2022/8/€34229

RenderX

JMed Internet Res 2022 | vol. 24 | iss. 8 [e34229 | p.210

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Al-Dhahir et a

First author, year

Study design

Target population

Type of eHealth technology

Radhakrishnan [53], 2016
Herring [35], 2014

Régnier [60], 2018
Ramirez [34], 2017

Design and observational

RCT

Design

Pilot RCT

Silfee [56], 2018 Design and observational
Silfee [42], 2019 Observational

Silk [41], 2008 Observational

Simons [58], 2018 Design

Simons [40], 2018 RCT

Spears[59], 2019 Design

Schneider [33], 2012 RCT

Stanczyk [82], 2014

Datafrom RCT

Springvloet [32], 2015 RCT

Stotz [76], 2018 Design
Tabak [77], 2018 Design
Lohse [57], 2013 Design
Wayne [30], 2015 RCT
Wayne [78], 2014 Singlearm
Whittemore [70], 2020 Design
Yee [69], 2020 Design

Low, middle, and high education

Low income®

Low SES neighborhoods

Low income®

Low income

Low income®

Low income

Lower education

Lower education

Low SES

Low, middle, and high education
Low, middle, and high education
Low, middle, and high education

Low income
Low income®

Low income®
Low SES
Low SES

Low income

Low income®

App (mobile device video game)

Web-based (social media) and mo-
bile phone (text messaging)

App

Text messaging or voice
Web-based

Web-based

Web-based vs games
App

App

SM S text messaging
Web-based

Web-based

Web-based

Web-based on smartphone
SMSS text messaging

Social media

App

App

SMS text and MM S messaging
SMSS text messaging

830cioeconomic status was not specified in the study.
BRCT: randomized controlled trial.

CSES: socioeconomic status.

9 ow education, unemployment, or living in poverty.

€Socioeconomic status was determined by the occupation and employment status of the household’s primary income earner.

Intervention Development and Evaluation

In the various stages of the development and evaluation of the
intervention (ie, problem definition, development, and
implementation for the study) [48,50,59,60,64,66,69,70,84],
several studies involved stakeholders, which included family
members, experts, key informants [50,61,69,75,84,86], health
professionals, and end users [48,54,64-66,68-70,73,75,83].
However, some studies provided little information on the
identification of stakeholders and did not clarify the level of
involvement of stakeholders  and end users
[37,44,50,56,66,70,78,79,81,83,87]. The studies used multiple
methods, such as interviews, focus groups, and user testing
[50,54,57,64-70,73,75,83], to gain insights from end users and
stakeholders. Researchers used focus groups to map the needs
and problems of the (potential) users[58,59,61,62,66,68,70,73]
and to gain input from stakeholders to adapt existing
interventions [61,70,77,86]. These methods also helped the
researchers to gain insight into the challenges that participants
experienced while using the intervention [65,73,86] and their
thoughts on the requirements of successful participation
[65,66,68,77,86]. Furthermore, other methods used the

https://www.jmir.org/2022/8/€34229

Community Engagement Studio [74], a consumer panel [32],
and a collective discussion group [60]. The researchers used
these methods to improve the accessibility of the interventions
for the end users[60,74]. For the devel opment phase, facilitators
and barriers were related to technology and content factors.
However, regarding the evaluation of theinterventions, limited
facilitators and barriers were mentioned. Several studies adapted
existing interventions, which were developed and tested in
different SES groups with various health concerns, such as
diabetes, hypertension, mental disorders, and pregnancy
[38,45,47,49,56,57,61,70,72,77,79,81,85-87].

Studies adapted these interventions and the delivery modality
for usein different low SES groups. Nevertheless, many studies
retained most of the content and components of the existing
interventions [45,56,57,61,70,72,77,79,81,87]. Many studies
chose to adapt the content of the intervention and apply
linguistic and content simplification, such as using plain
language and low content load through the use of images and
videos [57,61,70,81,86,87]. Some studies also made cultural
adaptations by using updated cultural components [61,86],
tranglating the content into a second language (eg, Spanish),
and employing bilingual coaches[61,86]. Although intervention
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adaptation was common, documentation of the adjustment
processwas scarce. Only 3 studies[70,77,85] described in detail
the adaptation process and what changes they performed.
Furthermore, 2 studies used frameworks (Stirman and the
intervention mapping protocol) [77,85], and 1 study [87] used
amodel (Stage Model) to adapt the intervention.

Tailoring

The mgjority of the studies tailored the eHealth interventions
in various ways to the characteristics and skills of people with
alow SES[23, 31-37, 40, 45, 46, 50, 58, 61, 62, 64, 66, 69-72,
74-77, 81-86, 88]. One method of customizing the eHealth
intervention matched the content delivery (eg, visua or text
information) to the user’s language and digital literacy skills
[34,50,54,61,64,66,69,70,75,80,84,86] . Another method tail ored
feedback, advice, and information to the characteristics (eg,
cultural adaptations and practical advice relevant to their
situation) of individuals with a low SES
[23,31,33,35-37,39,40,45-47,58,64,66,74,75,77,81-83,85] or
the timing and type of text messages (eg, feedback) [83].
However, it is unknown how tailoring was applied (technology
or human tailoring, or a combination of both methods). A few
studies based tailoring on theoretical models of behavioral
change [31-33,46,70] and gathered information through
questionnaires[31-33,36,40,47,55,58,62,66,85], self-monitoring
data [23,37,46,55,77,83], or intervention goas [32,74].
However, tailoring the intervention system to deliver feedback
or advice proved challenging as it required technological
expertise and financial recourses [33,40]. It is unclear whether
tailoring led to better results. Because of tailoring the feedback,
1 study showed that lower-educated smokers were more likely
to revisit the intervention website [82].

Reach

The included studies applied multiple strategies to recruit low
SES participants. However, some studies (n=5; 8%) provided
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limited details on the strategies they used to reach their
participants [35,38,39,62,79]. The recruitment strategies and
places are summarized in Table 2.

Different methods were found to be helpful to reach low SES
participants. Lohse et al [52] found that Facebook is an effective
tool to reach low-income women. Furthermore, the studies that
used apersonal approach to recruit participants reported ahigher
enrollment rate [61,82,86,87]. For example, Patten et al [87]
found that reaching the targeted population with a face-to-face
outreach method was more successful compared to recruitment
through flyers. Kim et al [86] found that personal or telephone
approaches to recruiting participants were responsible for most
of the enrollments in their study. Moreover, participants
indicated that they were more receptive to participating in a
study when their doctor had previoudly discussed it with them
[86]. Another study found that smokersrecruited through general
practitionerswere more likely to be lower educated and already
living with smoking-related illnesses than participants recruited
through the internet [82].

Some studies experienced challenges in reaching low SES
groups. These studies reached mainly medium or highly
educated [33,44] participantswith stableincomesand rel atively
healthy lifestyles [33]. van Dongen et a [44] indicated that
peoplewith alow SES may be reached with theright strategies,
such as integrating an eHedth intervention into standard
midwifery care, increasing awareness about the intervention’s
existence by expanding mass media use, and involving key
community representatives of the target group. Additionally,
some studies recommended increasing the reach of lifestyle
interventions by collaborating with other experts, such as
designers and health professionals [44,61,62]. Tables 3 and 4
show the barriers and facilitators for reach found in the studies.
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Table 2. Participant recruitment, places, and strategies.

Recruitment characteristic Number of studies

Individualsinvolved in recruitment

Health professionals [30,34,42,44,74,78,81-85] 1
Researchers [37,40,58,61,81] and research assistants [38,40,80] 8
Study coordinators [86], managers [40,41], organization staff [68], and agent assistance [48] 5
Paraprofessionals [63,79] and volunteers [60,66] 4
Snowballing (participants recruited other participants) [58,65,67,82] 4
Recruitment places
Health care setting [30,35,44,45,53,54,59,61,64,65,68,75,78,80,81,83-86] 19
Federal Benefit and Assistance Program for low-income women [38,42,49,50,56,72,73] and families [43,47,48,57,79] 12

Workplaces [40,77] and care services [34,60] 4
Local communities[59,66,68,71,87] 5
Food bank distributors [39,43,62] 3
Public health insurance [70] 1
Local nongovernmental organizations [51,60] 2
Public places [47,67] 2
Research agencies [31,71] 2
Recruitment strategies
Online[23,30,32,37,40,43,44,46,47,51,52,55,58,59,61,65,68,73,74,76-78,82,84-87] 27
Newspaper advertisements [33,85], banners [44], flyers, and posters [45,47,50,57,59,61,66,68,77,78,83,85,87] 16
Personal contact (face-to-face) [33,40,45,58,65,67,68,74,80,83] or via phone [51,66] 12
Postal invitation letters [32,37,57] 3
Local television campaigns [32,82] 2
Regional health authority [33] 1
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Table 3. Overview of facilitators identified in the eHealth interventions.
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Faci

litators per phase

Studies

Development

Iterative design of the intervention (user-centered approach)

Study staff collaborating with other experts or adigital health company
Broad number of data sources to inform development

Participants’ knowledge of technology

Providing devices

Concise and clear content

Use of visual and multimedia elements

Resonating content of the intervention with participants

Evaluation

Conducting formative evaluation in the early stage of the intervention

Reach

Use

Recruitment through Facebook, and active recruitment through health care professionals and tailored

recruitment strategies

Collaborating with other experts, such as designers and health professionals, and local community

services

Social support (friends, family, and peers)

Self-monitoring

Human coach can be helpful for participants

Practical advice to incorporate a healthy lifestylein daily life

Reminders

Trust (eg, have afamiliar face posting on a social media page) and credible information
Recipes and meal ideas may be useful

Helping participants with technology use

User friendliness and simplicity

Interactive features

Providing incentives and rewards (eg, virtual or financia rewards)

Links to more information

Combining social media with face-to-face group sessions

Networking with others encourages participants’ use of social mediainterventions
Activities must focus on pleasure and not obligation

Incorporating affordable options

Implementation

Supplying the intervention through different platforms
Increasing direct communication with the health coach
Training health care professionas

Collaborating with health insurance

[40,46,58,59,61,62,65,66,68,69,74-77,85]
[53,54,61,62,65,69,88]

[65,75]

[60,65]

[39,51]

[54,56-59,61,63,64,66,69,70,75]
[23,30,40,47,56,59,60,63-66,69,70,73]
[53,60,61,66,85]

[40,41,46,55,58,61,62,65,66,68,70,74-76,85]

[44,47,52,65,82,87]

[44,61,62,66,75,76]

[34,39,45,50,56,59,60,62,63,69,74]
[34,45,48,49,58,61,66,67]
[30,47,49,50,56,57,87]
[54,56,58,60,63,64,66,73]
[33,45,53,59,67,69)]
[54,60,63,66,69]
[47,54,66,69,73]
[57,61,66,86]
[64,66,70,73]
[64-66,68,69]
[35,48,53,58]

[64,66,69]

[47,56]

[56,63]

[61,66]

[61]

(36]
(61]
[70]
(70

Server support staff and marketing team continually monitoring theintervention for technical issues [76]
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Table 4. Overview of barriersidentified in the eHealth interventions.
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Barriers per phase Studies
Development
Technical challenges with the intervention software or prototype [53,58,60,62,70,71,78,86]
Amount of information or visuals [40,56,59,63,66,68,85]
Limited financial resources for the intervention [39,53,58,72]
Optimal frequency for reminders or messages [33,59,68]
Evaluation
Evaluation is time-consuming [62]
Slow iterations of the intervention in the academic field [65]
Reach
Introductory study presentations and sending remindersto clinicians had alimited effect [86]
onincreasing referrals
Passive recruitment (flyers) [87]

Use

Technical difficulties using a self-monitoring device or eHealth intervention (eg, lack of

internet access, problems with telephones, and poor signal)

Limited digital skills of users and lack of knowledge of innovative technologies

Not wanting extra push notifications and lost notifications among al the notifications

from other apps

Not allowed to carry a smartphone during work or does not carry a phone

Literacy and not mastering the language

Lack of timein alow SES?group
Financial problems (eg, paying bills)

Lack of familiarity with other participants before using social mediaand trust in social

media or the internet

Waning participant interest toward the end of the intervention period and low motivation

Implementation
Limited time of staff or coaches

Limited financial resources

Difficulties getting medical data of participants from participating health care facilities

Limited ability of peer coaches

[34,40,45,49-51,56,58,60,61,65,66,68,70,71,73,85]

[34,60,61,65,66,86]
[40,58,68]

[58,75]

[32,34,60,66,70]
[34,45,49,54,56,60,61,68,69,73,78]
[60,68,69]

[45,60]

[40,49,61]

[39,53,74]
[39,72]
[86]

[72]

8SES: socioeconomic status.

Use of eHealth I nterventions

Most studies did not mention how the participants used the
eHealth lifestyle interventions. However, many studies gained
insight into the intervention usage by evaluating the concepts
of adherence, user engagement, and acceptance
[23,40,46,47,49,53,54,56,58,59,61,71,72,74,80,81]. Most of
the studies showed that participants with a low SES accepted
the eHealth interventions [40,46,47,53,54,56,58,71,74,80].
When there was high adherence, usage, and user engagement,
interventions seemed effective [23,81].

Several studies mentioned explicitly measuring intervention
usage with Google Analytics (eg, user interactions with content)
[40], log data[23,47,54,61], registration data[44], emails sent,
quiz questions accessed [44], questionnaires [39,40,44,64], or

https://www.jmir.org/2022/8/€34229

RenderX

self-monitoring questionnaires [39]. The data analysis
demonstrated that interventions were used as intended
[23,61,81]. However, Régnier et al [60] found that the
intervention was used to aless extent due to different barriers,
such as technical issues, lack of language skills, and searching
for real contact. In addition, Simonset a [40] reported decreased
use during the intervention because of lesser engagement with
the intervention. It also emerged that there was a difference
between userswithin theinterventions[33,40,81]. For example,
inastudy, it wasfound that the userswho received notifications
with tips, facts, and feedback mostly used theintervention [40].
Using periodic email prompts significantly increased the reuse
of the intervention [33]. Schneider et al [33] concluded that it
iscrucial to devel op strategiesthat encourage engagement from
people with a low SES. Furthermore, hedonic elements (eg,
visua elements) intheintervention were significantly associated
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withincreased use[54]. In another study, personal and nuisance
factors were associated with lower intervention use, including
lower educational achievement and perceived barriers (eg, no
time or interest and technical problems) [49]. Barriers and
facilitators for using the interventions were diverse and varied
in terms of individual and technological factors (Tables 3 and
4).

Other studies have analyzed adherence to interventions
[31,35,49,87] by measuring the numbers of messages sent by
participants, completion of coach calls [35,87], or intention to
visit or revisit the intervention, or using specific features of the
intervention, self-monitoring data, and days that participants
used the intervention [31,49]. Adherence to the intervention
decreased gradually in certain studies[35,49]. Griffin et al [48]
showed that noncompleters of the intervention had certain
characteristics (were younger, were African American, had a
high BMI, had a lower education [high school or lower], and
had a low income) when compared with participants who
completed the intervention. Engagement with interventionswas
measured through the self-management behavior of participants
[86], the tracking of their behavior via self-monitoring devices
[86], self-reporting [56,64], and the presence of several likes,
comments, and posts or messages assessed throughout the
intervention delivery [47,56,59,72,86], as well as by capturing
thefrequency of user logins[86]. At thetimewhen intervention
engagement was high in several studies [59,61,72], in other
studies, engagement decreased during the use of theintervention
[45,47,51,71]. In 1 study, participants were more engaged with
text messages than voi ce messages[34]. Another study showed
that participant contributions appeared to vary across time of
the day and day of the week (more active in the beginning part
of the week and during the middle of the day) [47].

Delivery M ode of the Intervention

There was a wide variation in the delivery mode of the
intervention. Table 1 provides an overview of the modes used
to deliver theintervention. The studies cited several reasonsfor
using a certain delivery mode. Using the internet
[23,31,33,42,44,45,55,56,61,63,66,79,81,86], smartphone apps
[58,60,73,75,78], or text messages [34,35,50,70,71,75] offers
many benefits. Internet-based [36,42,44,45,52,56,64,86] and
text-based [34,43,71,77,87] interventions are good channelsfor
reaching hard-to-reach groups and might be effective in
changing healthy behavior [32,34,44,47,48,50,54,59,66,70].
They also help to investigate new channels or to deliver
interventionsto low SESindividuals[33,45,47,53,56,57,74,79].
Finally, low SES individuals use the internet, which provides
the interventions an opportunity to reach this target group
[39,42,45,52,56-58,62,73,86].

Studies reporting on the effectiveness of the delivery mode
demonstrated no unequivoca results. Three studies showed that
a web-based intervention was more effective for low SES
participants [35,41,79] than non-eHealth interventions, such as
in-person counselling for low SES participants [79] and
game-based versions [41], and website users had deeper
knowledge and a higher intention to use the website henceforth
[41]. Ancther study [53] demonstrated that a gamified
intervention  significantly  improved  heart  failure
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self-management knowledge in low SES and high SES
participants. Participants with lower education levels and ol der
adults preferred a digital game to any other medium for
receiving information on self-management of heart failure. One
RCT reported no interaction effects between delivery strategy
(video versus text advice) and education level in terms of
message processing mechanisms and future use of a smoking
cessation intervention [82].

I mplementation

Most studies did not adequately describe how their respective
eHedlth lifestyle interventions were implemented, perhaps
because almost all theinterventionswere pilot projects and were
not implemented in practice after the study was completed. The
few barriers and facilitators that were identified are listed in
Tables 3 and 4.

Several studies reported that they collaborated with different
disciplines for implementation [55,61,70,72,77,85]. Golsteijn
et al [85] created a network of hospitals and radiotherapy
institutes to implement the intervention. However, their results
on implementation are unknown. Furthermore, it appears that
health professionals play an important rolein theimplementation
of interventions [70].

Very few studies discussed the cost of their eHedth
interventions. Limited finances and staff time presented several
challenges in implementing these interventions [39,72]. Tabak
et a [77] considered practicality and sustainability of the
intervention by choosing interventions that prevented higher
cost, for example, providing automatic feedback instead of
individualized feedback. Other examplesinclude finding enough
coacheswith the expertise to guide participants[ 72] and working
with their time constraints [74]. Studies that reported on how
they evaluated the implementation of their interventions were
scarce. However, 1 study [85] used intervention mapping to
develop an implementation plan. Two studies plan to evaluate
implementation in the future. Whittemore et al [70] aimed to
document an implementation analysis, and Foley et a [37]
aimed to evaluate implementation through the RE-AIM
framework.

Effectiveness

A number of studies (n=19) [23, 30, 32, 33, 34, 35, 36, 38, 39,
41, 43, 45, 46, 48, 50, 79-82] investigated the effectiveness of
interventionsfor smoking cessation [23,46,51,81], healthy eating
behaviors[32,39,79], a cohol [38,80], weight loss[35,37,45,47],
physical activity [34,36,40], and multiple lifestyle changes
[30,33,43,48,78]. Three studies [23,46,81] were effective in
achieving smoking cessation inthelow SES group. Furthermore,
some studies reported significant improvements in eating
behaviors [32,39,43,79], reduction in weight [35,43,48], and
increasein physical activity [34,36,48]. Two RCTs showed that
interventionswere more effective in high SES participants than
in low SES participants [32,36]. One study [32] found
educational differences in high-energy snack intake. In this
previous study, the plus group (environmental-level factors)
received information on the availability and location of healthy
food in the home environment and the prices of healthy food
products in the supermarkets that the participants usually shop
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at. The plus approach targeted higher-educated participants
more effectively than the basic approach, which was more
effective for lower-educated participants. The authors argued
that higher-educated participants understood and applied the
environmental -level information easier than the lower-educated
participants. The intervention as described by Golsteijn et al
[36] resulted in a significant improvement in self-reported
physical activity. However, the highly educated group initially
participated more on the web than their lower-educated peers.
In contrast to a study, they found minor effects in low SES
participants, but no effect in participantswith ahigher SES[23].
The authors stated that thisislikely because the user testing of
the intervention was conducted exclusively with smokers with
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alow SES, which contributed to its effectiveness in the low
SES group.

Two studies [33,45] reported minor significant improvements
and modest effects on reuse of ahealthy lifestyle program [33].
Other studies reported an insignificant effect [40] due to lower
user engagement and dropouts.

I ntervention Components

Studies applied diverse components within the interventions.
For example, they employed visual and multimedia elements,
such as images, infographics, videos, and social support. To a
lesser extent, there was human or virtual coaching, and
incentives were used. Table 5 presents an overview of the
components in eHedlth lifestyle interventions.

Table 5. Overview of the eHealth lifestyle intervention components (N=59).

Components

Studies, n (%)

Multimedia (images, infographs, and videos) [23,30,31,35-38,41,46,47,49,55-57,59-66,68,70,76,78,79,84-86]
Self-monitoring [23,30,34-37,40,43,45-49,51,56,58,60,61,65,67,70,76-78,83,84,85,86]

Tips [23,38-40,43-45,48,49,53,54,58,60-62,64,66,68,71,75-77,79,84-88]

Socia support [33,34,36,37,40,43,45,47,49,53,55,58,61,62,67,69,71-74,77,84-87]
Reminders [23,30,32,33,36,37,40,45,46,48,49,51,53,55,58,59,65,67,69, 78,84-86]
Rewards/incentives [32,34,35,38,41,45-48,50,51,53,56,64,68,73,74,76,79,80,83,87]

Coach [30,35,37,47,51,56,61,66,70,72,74,75,77,78,84-87)

Theoretical frameworks [23,31-34,37,43,46,48-50,55,64,69,70,73-76,80,81,83,85]

30 (51)
28 (47)
28 (47)
25 (42)
23(39)
22 (37)
18 (31)
23(39)

Theoretical Frameworks

Several studies (n=23, 39%) stated that they used one or more
theoretical frameworks in their interventions
[23,31-34,37,43,46,48-50,55,64,69,70,73-76,80,81,83,85]. The
frameworks most commonly used were the social cognitive
theory [34,37,43,48,64,70,73,85], I-Change Model [31,33,85],
and theory of planned behavior [32,81,85], followed by the
Health Belief Model [69,76,85], theories of self-regulation
[32,85], and Precaution Adoption Process Model [32,85].
However, several studies mentioned using the Techniques of
Behavior Change [23,45,46,67,77]; the theories for the rest of
the studies can befound in Multimedia Appendix 3. Few studies
used the frameworks to develop, adapt, evaluate, or implement
the eHealth interventions [37,56,76,79]. It is unclear whether
these theories were associated with desirable effects. Although
not all studies have reported why they chose the theories
[33,53,82], afew mentioned using the constructs or determinants
of the theories [32,37,43,81,85], due to their suitability and
available evidence [23,34,40,46,55,58,85]. Furthermore, it
appeared that some interventions included components, such
as self-monitoring, reminders, and social support based on
behavioral strategies or theoretical frameworks, to promote
lifestyle change or maintain healthy behaviors.

Multimedia and Visual Elements

Many studies included multimediain their interventions, such
asvideos[35, 36, 37, 61, 79, 85, 86] or images [23, 38, 40, 46,
53, 55, 59, 62, 63, 89]. Although it was unclear why studies
included these materials; some used videos [35-37,61,79,85,86]
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tointroduce theintervention components[37,61], provide skills
training [37,79], give home exercise instructions [36,85], or
introduce the participantsto their coach [86]. Other studies used
visual materials, such as images and videos, to increase
engagement [56,76]. Interventions applied images because of
their visual appeal and easeto recall [55], or to enhancelearning
and motivate users to continue using the program [76]. There
was almost no mention of using graphic artists [62,76] or
photographers [76] to create illustrations for the interventions.
However, Evans et a [62] stated that selecting illustrations for
the app was challenging because matching the main text with
illustrations was not always easy and required more iterations
to meet the criteria. It was also challenging to find the right
graphic artist to design proper images based on the given
assignment. In 1 study [56], long videos resulted in lower
engagement with Facebook participants. Another qualitative
study [60] found that participants who experience language
barriers rely more on visual materials (ie, videos) than written
materials. However, astudy reported that illustrations crowded
with visual details confused participants [62]. Another study
[63] highlighted that participants emphasized the importance
of photos and visual appedl. In the study by Silfee et a [56],
participantswere morelikely to read and comment on Facebook
posts containing messages with images. One study [40] made
it possible for the participantsto seetheir daily stepsviagraphs.
Although participants appreciated graphs, they used them
significantly less at the end of the intervention dueto decreased
interest and outdated graph data. Only 1 study chose audio to
increase the media on the website and facilitate relapse
prevention and coping [55].
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Social Support

Participants’ peers|[35,45,47,56,61,63,86] or significant others
[34,72,74,87] provided socia support, online or offline
[35,45,56,61,63,71,86]. Other studies only gave advice on how
people can get socia support to help each other to adopt new
behaviors [40,59,70,85,88]. Three studies mentioned that
participants had positive experiences with the social support
provided by their significant others [34] or peers [47,56,71]
(they perceived asense of community and social [71], emotional,
and instrumental support [34]) and that peers motivated them
[56]. For others, the ability to network and interact with peers
was an important reason to visit the social media of the
intervention [63]. However, it is difficult to determine whether
social support contributed to theincreased effectiveness of some
interventions.

Several studies provided support through social media
[35,45,56,61,63,86]. Participants were part of an online social
network where they could, for example, discuss their goals
[61,86] and challenges[86], and offer each other social support
[35,47,61]. However, the studiesidentified different challenges
in supporting active participation in the socia support
component, such aslack of aconnection with other participants
before accessing the eHealth intervention, limited engagement
with other participants on social media[45,61], and not receiving
timely responses from other participants [63]. Furthermore, in
aqualitative study [61], participants experienced their level of
literacy asan obstacleto taking part in online discussions, while
in another study, posting about themselves made some
participants with low SES uncomfortable [56], and others did
not want to share their unsuccessful weight loss[56]. Involving
support persons in the intervention appears to be complicated;
some participants with low SES had no support person or did
not want to involve one [34,74]. Furthermore, Pathak et al [75]
showed that participants who had no family disliked messages
that alluded to family support, and the term was replaced by
loved ones (similar to familia relations). The interventions
[45,56,63] offered many sol utionsto encourage the use of social
support on social media, such as team-building exercises and
enlisting friends[45]. The magjority of participants of asmoking
intervention relapsed, nonrelapsers reported significantly less
temptation to smoke, and the qualitative data showed that
nonrelapsers were able to manage temptation and reported
greater support [50].

Self-monitoring

Several studies used few self-monitoring devices, based on
emerging evidence or previous studies [37,85], such as
pedometers [34,43,45,56,61,85,86] and weight scales
[37,43,45,56,61,86]. Participants with a low SES monitored
their diets digitally [30,60], with a calorie-counting book [45],
or kept paper records[34,56]. Physical activity wasalso tracked
through Fitbit devices [40,58,77] and MyFitnessPal [56].
Participants entered self-monitoring data [30,43], or this was
done automatically [30,37,40,56,77,86]. Simonset a [40] found
that continuous engagement with a self-monitoring device was
challenging, due to participants not wearing the tracker or
forgetting to chargeit. Few studies provided information about
the participants experiences, or why the studies chose
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self-monitoring devices. However, some studies mentioned that
participants found self-monitoring devices easy [40,61] and
comfortable to use [40,58]. In 2 studies, participants struggled
to use tracking devices [34,56], while in another study,
participants desired digital apps for calorie counting [45]. It is
difficult to determine whether self-monitoring led to increased
effectiveness of the intervention. However, 1 study found that
food photo journaling improved dietary choices more than
having a health coach only [30].

Reminders

Sending reminders to participants was used by many studies;
however, it is unclear in some studies how they applied the
reminders in their interventions [32,45,53,71]. Two studies
applied reminders to improve the adoption of and adherenceto
healthy behaviors [30,78] and to improve heart failure
self-management skills [53]. Other studies applied reminders
to encourage participants with low and high SES to visit or
revisit the intervention [32,33,86], to remind users about their
goals [58,85], and to remind users to submit their
self-monitoring information [37]. Reminders were often used
in the form of automatic emails [33,46,86,89], push messages
viasmartphones[40,58,78,86], text messages viamobile phones
[37,59], and news updates [85]. The majority of studiesdid not
report on how the participants evaluated the reminders.
However, 2 studies showed that participants with a low SES
found reminders helpful [53,58]. Furthermore, 2 studies
indicated that participants had a greater need for reminders
[45,59]. Some interventions that employed reminders appeared
to be effective [32,33]. For example, in an RCT, reminders
increased revisits to the intervention [33].

Coaches

Several studies included a coaching component in the
intervention [30,35,37,47,51,56,61,66,70,72,74,75,77,78,84-87].
The coaches provided guidance mainly by telephone
[30,35,37,61,72,74,75,77,78,84,87], followed by face-to-face
counselling [30,37,61,74,78,87], text messages, email
[30,61,66,78], online counselling [36,49,56,85,86], or
combinations of these methods [30,37,61,78]. This was done
through health professionals [30,36,37,72,85], researchers
[51,56,74,75,77,87], parahealth professionals [49,72], and
automatic phone [37,72]. The roles of the coaches varied and
included guiding participants in setting goals [35,37], helping
to solve problems[85], and providing behavioral skillstraining
[37,56], and they also stimulated discussions on the online
platforms of the interventions [56,86]. Interactions with the
coaches varied from single, daily, or regular monthly contact
[30,35,37,56,72,77,87] to ad hoc, based on needs [85].

Some coaches were experienced in behavioral change methods
[30,35,37,56,76,78,87], and 3 coaches applied motivational
interviewing [37,72,87]. It is difficult to determine whether
coaching led to increased effectiveness of the intervention.
However in 3 studies, the coaching component seemed
promising [47,49,56]. The coaching component was positively
associated with intervention usage [49] or higher engagement
[47]. Furthermore, several studies reported that participants
with a low SES appreciated the coaches [56,61,74,87].
Moreover, in 1 study, after the coach stopped engaging on social
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media (eg, posting and commenting), intervention engagement
considerably decreased and passive engagement increased [56].

I ncentives

Many studies[23, 32, 34, 35, 38, 41, 45, 52, 53, 56, 71, 76, 79,
87] offered participants incentives (eg, gift cards) [23, 32, 34,
35, 38, 41, 45, 52, 53, 56, 71, 76, 79, 87] for completing the
assessments  [32,34,38,41,45,52,56,71,79,87] to improve
response rates [23,52], when submitting their saliva[35,87] or
sending their self-monitoring data[35]. Nonetheless, it isunclear
whether incentives delivered positive results. In fact,
Radhakrishnan et al [53] found that the rewards and incentives
offered in a game intervention did not match the real-time
behavior, whilein another study, participants suggested agreater
frequency of incentives[45].

Tips

Providing practical information astipswas mentioned in several
studies [23, 38-40, 43-45, 48, 49, 53, 54, 58, 60-62, 64, 66, 68,
71, 75-77, 79, 84-88]. Various studies chose this practical
component based on theories [55,68,69,75]. Participants
appreciated tips or found it useful to receive practical solutions
as tips [54,56,58,66,68]. However, tips have to fit into the
socioeconomic and sociocultural realities of people with alow
SES [60,61,68]. It is unclear whether tips led to increased
effectiveness of the intervention. However, Greene et al [54]
found that intervention use was significantly higher among those
who found the “ Tip of the Day” motivating.

Discussion

Principal Findings

This scoping review provides an overview of the most
commonly applied componentsin eHeadlth lifestyleinterventions
(development, reach, use, evaluation, and implementation) for
people with alow SES. It aso investigates the most common
barriers and facilitators for current eHedth lifestyle
interventions. The components that emerged can be classified
into behavioral components (such as basic theoretical
foundation, coaching, social support, reminders, self-monitoring,
and incentives) and technological components (such as visual
multimedia, reminders, and self-monitoring). Nevertheless, we
found considerable heterogeneity in components, barriers, and
facilitators, showing significant variation between studies.
Moreover, we believe that the majority of barriers and
facilitators for development and use are related to technology
(eg, technical difficulties) and environmental factors (eg,
financial resources of the intervention developers or target
group). However, therewas limited reporting about the barriers
or facilitatorswithin specific interventions, partly because many
authors did not aways share the lessons learned within their
interventions. We should note that the barriers and facilitators
may not be generalizable across different lifestyle behaviors,
and few may apply to al SES groups and not only to eHealth
interventions for low SES groups.

The studies examined the effectiveness of eHealth lifestyle
interventions and showed promising but inconsistent results.
They showed small effects of smoking cessation, nutrition,
increased physical activity, and weight loss. These studies
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provided limited information about which components
contributed to the effectiveness of the intervention, making it
difficult to conclude why these interventions worked when
compared to those that were unsuccessful. Thisisin line with
the results of the systematic review by Kohl et a [90], which
found that effect sizes were small, variable, and unsustainable
in eHedlth lifestyle interventions for different SES populations
and concluded that the efficacy of intervention elements were
unclear.

Different Delivery Methods

The results of this review suggest that eHeadth lifestyle
interventions delivered via different delivery modes (ie,
websites, SMS text messages, or apps) or combined with
professional personal support seem to be accepted by people
with a low SES. However, it is still unclear which delivery
method is the most effective for this target group because each
delivery mode has its advantages. Danaher et a [91] and
Iribarren et a [92] suggested that interventions delivered via
text messages may be an attractive option as they are
inexpensive, suitable for most mobile phones, and requirelittle
user effort. Conversely, interventions delivered via websites or
apps provide a visualy pleasing option (ie, videos) for
communicating the information and make the intervention
interactive. However, it iscrucial to consider thedigital literacy
levels of people with alow SES when choosing the delivery
method of an intervention. Blended care (combination of
face-to-face services with eHealth) offers people with a low
SES timely guidance, which can promote engagement and
adherence to the intervention. Therefore, we suggest that
combinations of varied eHealth delivery modes and face-to-face
elements (ie, human coaching) could engage people with alow
SES successfully.

Reaching the Low SES Group

Overal, it was clear from the studies that it was difficult to
reach low SES individuals for participation in eHealth
interventions, which istypical for this group. Thus, a different
approach to reach this group is crucial. For example, studies
have been successful in reaching participants with active
recruiting strategies, such as face-to-face or personal contact
[31]. The personal approach may reduce the distance between
intervention staff and potential users, create asense of security,
and increase engagement [93]. Long-term relationships build
trust between health professionals and patients, and such an
approach is needed to reach people with a low SES [93,94].
Moreover, with this rapport, individuals may perceive health
professionals as more credible, especialy within ethnic
minorities [94]. Another promising strategy is collaboration
with the social network of people with a low SES (eg,
caregivers, relatives, and experts) [44]. Recent studiesidentified
theimportance of using apersonal approach and connecting via
existing networks (ie, community centers or ambassadors) to
successfully recruit low SES populations for lifestyle
interventions[20,93]. Furthermore, we found that social media
may achieve thisgoal since it has abroad reach, but the lack of
robust evidence makes it difficult to draw firm conclusions.
Social media may be particularly effective to reach young
people. However, reaching people with a low SES remains
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challenging asthereisno clear reach strategy. A similar pattern
of results was obtained in the systematic review by Bonevski
et a [95], which found that proven strategies to reach socially
disadvantaged groupswererare. This highlightstheimportance
of tailoring reach strategies, both online and offline, to target
different types of groups (eg, young populations and ethnic
minorities) within thelow SES popul ation. Lessons can also be
drawn from traditional lifestyleinterventionsthat provideinsight
into reaching low SES groups[96].

First Phase of Intervention Design and Co-creation

We noted that few studies based their interventions on
behavioral theories. When behavioral theories were reported,
authors rarely elaborated on how they applied these theories.
These results seem to be consistent with other research that
found that behavioral theories were seldom applied in
interventions[88,97,98]. One possible explanation for thismight
be that intervention components are devel oped with a practical
viewpoint in mind or apre-existing belief in the benefit of these
components, since they have been used previously in effective
interventions[98] Alternatively, it may bethat certain behaviora
theorieswere not found to be useful for the development of the
intervention at hand and were therefore not applied [99].
However, using theories in interventions has been indicated to
increase their effectiveness.

There are several issuesto consider in the co-creation of eHealth
interventions, such as how and when stakehol ders and users get
involved. In recent years, more attention has been paid to the
role of stakeholders (including users) in public interventions,
however, involving stakeholders (eg, people with a low SES
and health professionals) from the beginning istime-consuming
and expensive [32]. Follow-up research needs to explore the
best way to actively involve low SES individualsin developing
and evaluating interventions, as co-creating with end users
seems promising.

I mplementation

Theresults of thisreview show that the devel opment, evaluation,
and implementation of eHealth are difficult to distinguish from
each other and that theimplementation of theintervention takes
place during its development. As advocated by Pieterse et al
[100], eHealth development and implementation should be
intertwined. |mplementation should be accounted for from the
start of the development process; this is especially true for
people with alow SES, since their characteristics, such as low
digital skills, may hinder the interventions implementation
[61].

A shortage of resourcesisalso known to impact implementation.
These findings are directly in line with previous findings. For
example, Lau et al [101] and Ross et al [102] found in their
reviews that available resources, including time, funding, and
staff, can be both barriers and facilitatorsin theimplementation
of interventions.

Recommendation for Designh and Research, and
Limitations

Therearestill unanswered questionsin the development, reach,
use, evaluation, and implementation of eHealth interventions
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for alow SES population, astheresearchisinitsinfancy. Using
existing guidelines (eg, the CONSORT checklist) or other
frameworks could guide in reporting information
comprehensively and clearly [29]. For instance, use of the
behavior change technique taxonomy by Michie et al [89] can
help researchers to report on the behavioral theories and
techniques applied in the intervention. Furthermore, it is vital
to report more detailed information on how participants use the
components of eHealth interventions, which may help identify
elements that contribute to the effectiveness of eHealth
interventions. This information could be beneficial for future
studiesand interventions asit can guide developersin the design
and implementation of effective eHealth interventions. Another
recommendation isto collaborate with researchers, devel opers,
and stakeholders (including users) in the development,
evaluation, and implementation of eHealth lifestyle
interventions, to fine-tune these to the target group’s needs and
requirements. Involving the social networks (eg, relatives and
peers) of low SES participantsin eHealth lifestyleinterventions
also seems promising. Research shows that engaging social
networks can support low SES participants who experience
problems with their digital skills[60]. It is therefore important
to investigate what role social networks should play within
eHealth lifestyle interventions. Finally, although many studies
advised making the content of eHealth interventions accessible
to peoplewith low sKills, clear recommendationsfor developers
and researchers on how eHealth interventions for low SES
populations can be devel oped, implemented, and evaluated were
lacking. Future research should focus on how we can devise
holistic eHealth guidelines that can assist developers and
researchers with the creation of eHealth interventions that take
the capabilities and requirements of this target group into
account.

This review is the first to focus on state-of-the-art available
knowledge about developing and evaluating eHealth lifestyle
interventions, and reaching people with a low SES to redize
behavioral change and improve health in these people. The
barriers and facilitators that we found offer promising elements
that eHealth devel opers can use as atoolbox to connect eHealth
with low SES target groups. Further research on the method of
using thesetoolsis still needed. However, thisreview has some
limitations. First, we only included